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TO THE READING PUBLIC. 

Tbb patrons of the Family Library are informed t 
measures are now in progress for the incorporation o 
number of valuable works strictly historical in that col 
tion, which, with those of 'the same character already c 
UJned in it, will form a complete HISTORICAL SERIJ 
Several of these are now in the course of preparation 
the learned authors of "The History of India," wh 
names alone are a sufficient guarantee for the mast 
1 perfennance of their several undertakings. " The Hist 

of the Progress of Discovery on the Northern Coasts 
America," " The History of France," and " The Hist 
of Ireland" are now in press, and will be published as s 
as the engravings can be finished. 

Each of the historical numbers will be complete in its 
and be sold separately — and they will all be produced v 
the least possible delay. In the mean time, a few wc 
of great merit, upon subjects of which some knowle 
eandlot but be valuable and almost indispensable to e\ 
onSi will be added to the Library. 

The publishers think it scarcely requisite to call 
attention of the public to the very moderate price of 
^ works composing the Family Library, of which the prea 

Tolnme, containing as it does numerous illustrations, i 
fair instance : the same quantity of valuable matter, v 
an equal number of engravings, cannot be purchased 
any other form at less than double the price of this volu; 
It is not however upon the cheapness, but the ment of 
work that the publishers mainly depend for the increase 
patronage which they solicit and hope to receive. 



VCT For a list of the historical works already embra 
in the Family Library, the public are referred to the P 
Ushers' Catalogue. 
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SIR WALTER SCOTT, Babt. 



LETTER I. 

Eztmt and Interest or tbe Subject— Science employed by ancient Qoir> 
•mments to decwve and enslave their Subjects— Influence of ttie Stt- 
pematural upon ignorant Minds— Means employed by the ancient Biap 
gicians to establish their Authority— Derived (torn a Knowledge of the 
Phenomena of Nature— Prom the Influence of narcotic Drugs upon the 
Victims of their Delusion — From every Branch of Science— Acouatioi 
— Hydrostatics— Mechanics— Optic*— M. Salverte's Work on the oeciUt 
Seienoes— Object of the following Letters. 

Mt dear Sir Walter, 
As it was at your suggestion that I undertook to 
draw up a popular account of those prodigies of the 
material world which have received the appella- 
tion of Natural Magic, I have availed myself of the 
privilege of introducing it under the shelter of your 
name. Although I cannot hope to produce a vol- 
ume at all approaching in interest to that which 
you have contributed to the Family Library, yet 
the popular character of some of the topics which^ 
belong to this branch of Demonology may aton^* 
for the defects of the following Letters ; and I -shi^ 
deem it no slight honour if they shall be considered 

B 



14 LETTERS ON NATURAL MAOIC^ 

as forming an appropriate supplement to yotir valu- 
able work. 

The subject of Natural Magic is one of ^eat 
extent, as well ag of deep interest. In its widest 
range, it embraces the history of the governments 
and the superstitions of ancient times,— -of the means 
by which they maintained their influence over the 
human mind, — of the assistance which they derived 
from the arts and the sciences, and jfrom a know- 
ledge of the powers and phenomena of nature. 
When the t3n-ants of antiquity were unable or un- 
willing to found their sovereignty on the affections 
and interests of their people, they sought to in- 
trench themselves in the strongholds of supernatural 
influence, and to rule with the delegated authority 
of heaven. The prince, the priest, and the sage 
were leagued in a dark conspiracy to deceive and 
enslave their species ; and man, who refused his 
submission to a being like himself, became the obe- 
dient slave of a spiritual despotism, and wiUingly 
bound himself in chains when they seemed to have 
been forged by the gods. 

This system of imposture was greatly favoured 
by the ignorance of these early ages. The human 
mind is at all times fond of the marvellous, and the 
credulity of the individual may be often measured 
by his own attachment to the truth. When know- 
ledge was the property of only one caste, it was by 
no means difficult to employ it in the subjugation 
of the great mass of society. An acquaintance 
with the motions of the heavenly bodies, and the 
variations in the state of the atmosphere, enabled 
its possessor to predict astronomical and meteorolo- 
gical phenomena with a frequency and an accuracy 
which could not fail to invest him with a divine 
character. The power of bringing down fire from 
the heavens, even at times when the electric influ- 
ence was itself in a state of repose, could be re- 
garded only as a gift from heaven. The power of 
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rendering the human body insensible to fire "w 
irresistible instrument of imposture; and ii 
combinations of chymistry, and the influent 
<irugs and soporific embrocations on the h 
frame, the ancient magicians found their most 
able resources. 

The secret use which was thus made of sci( 
discoveries and of remarkable inventions hi 
doubt prevented many of them from reachir 
present times ; but though we are very ill infc 
respecting the progress of the ancients in vi 
departments of the physical sciences, yet we 
sufficient evidence that almost every bran( 
knowledge had contributed its wonders ta th 
gician's budget, and we may even obtain son 
sight into the scientific acquirements of f( 
a^, by a diligent study of their fables and 
miracles. 

The science of Acotcstics furnished the ai 
sorcerers with some of their best deceptions, 
imitation of thunder in their subterranean tei 
jcould not fail to indicate the presence of a 6 
natural agent. The golden virgins whose ravi 
voices resounded through the temple of Del 
—-the stone from the river Pactolus, whose tn 
notes scared the robber from the treasure wh 
guarded, — the speaking head which uttered its o 
iar responses at Lesbos, — and the vocal stat 
Memnon, which began at the break of day to a 
the rising sun, — ^were all deceptions derived 
science, and from a diligent observation of the 
nomena of nature. 

The principles of Hydrostatics were equally i 
able in the work of deception. The marv€ 
fountain which Pliny describes in the island oi 
dros as discharging wine for seven days, and ^ 
during the rest of the year, — the spring of oil v 
broke out in Rome to welcome the return of Ai 
tus from the Sicilian war, — ^the three empty 
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16 LfiTTERS ON NATURAL HAOIC 

which filled themselves with wine at the annual 
feast of Bacchus in the city of EUs, — ^the glass tomb 
of Belus which was full of oil, and which, when 
once emptied by Xerxes, could not again be filled, — 
the weeping statues, and the perpetual lamps of the 
ancients, — ^were all the obvious effects of the equili- 
brium and pressure of fluids. 

Although we have no direct evidence that the phi- 
losophers of antiquity were skilled in Mechanics, 
yet there are indications of their knowledge, by no 
means equivocal, in the erection of the Egyptian 
obehsks, and in the transportation of huge masses 
of stone, and their subsequent elevation to great 
heights in their temples. The powers which they 
employed, and the mechanism by which they ope- 
rated, nave been studiously concealed, but their ex- 
istence may be inferred from results otherwise in- 
explicable, and the inference derives additional con- 
firmation from the mechanical arrangements which 
seemed to have formed a part of their religious im- 
postures. When, in some of the infamous mysteries 
of ancient Rome, the unfortunate victims were car- 
ried off by the gods, there is reason to believe that 
they were hurried away by the power of machinery ; 
and when Apollonius, conducted by the Indian sages 
to the temple of their god, felt the earth rising and 
falling beneath his feet like the agitated sea, he 
was no doubt placed upon a moving floor capable 
of imitating the heavings of the waves. The rapid 
descent of those who consulted the oracle in the 
cave of Trophonius, — ^the moving tripods which 
Apollonius saw in the Indian temples, — ^the walk- 
ing statues at Antium, and in the Temple of Hiera- 
polis, — and the wooden pigeon of Archytas, — are 
specimens of the mechanical resources of the an- 
cient magic. 

But of all the sciences Optics is the most fertile 
in marvellous expedients. The power of bringing 
the remotest objects within the very grasp of the 
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observer, and of swelling into gigantic magnitude 
the almost invisible bodies of the material world, 
never fails to inspire with astonishment even those 
who understand the means by which these prodigies 
are accomplished. The ancients, indeed, were not 
acquainted with those combinations of lenses and 
mirrors which constitute the telescope and the mi- 
croscope, but they must have been familiar with 
the property of lenses and mirrors to form erect and 
inverted images of objects. There is reason to 
think that they employed them to effect the appari- 
tion of their gods ; and in some of the descriptions 
pf the optical displays which hallowed their ancient 
temples, we recognise all the transformations of the 
modern phantasmagoria. 

It would be an interesting pursuit to imbody the 
information which history supplies respecting the 
fables and incantations of the ancient superstitions, 
^d to show how far they can be explained by the 
scientific knowledge which then prevailed. This 
task has, to a certain extent, been performed by M, 
Eusebe Salverte, in a work on the occult sciences, 
which has recently appe£ired : but notwithstanding 
the* ingenuity and learning which it displays, the in- 
dividual facts are too scanty to support the specu- 
lations of the author, and the descriptions are too 
meager to satisfy the curiosity of the readey.* 

In the following Letters I propose to take a wider 
range, and to enter into more minute and popular 
details. The principal phenomena of nature, and 
the leading combinations of art, which bear the im- 
press of a supernatural character, will pass under 
our review, and our attention will be particularly 
called to those singular illusions of sense by which 



* We mast cantion the yoang reader against some of the views given 
in M. Ssdverie's work. In his anxiety to account for every thing mi- 
raculous by natural causes, he has ascribed to the same origin some of 
these events in sacred history wliich Christiaim cannot but regard a« 
the renylt of divine agency. 
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18 LETTERS ON NATimAL MAGIC. 

the most perfect organs either cease t 
their functions, or perform them faithle 
where the efforts and the creations of 
predominate over the direct perceptions < 
natm'e. 

In executing this plan, the task of s< 

rendered extremely difficult, hy the super 

of materials, as well as from the variet 

ments for which these materials must be 

Modem science may be regarded as one va 

whether we view it in relation to the 

Being by whom its objects and its 1 

formed, or to the feeble intellect of man 

its depths have been sounded, and its my 

plored : and if the philosopher who is n 

with its wonders, and who has studie( 

necessary results of general laws, never 

admire and adore their Author, how gr 

^ be their effect upon less gifted minds, 

• ever view them in the light of inexplicable 

". — ^Man has in all ages sought for a 

•' heaven, and yet he has been habitually b 

miUion^ of wonders with which he is s 

If the following pages should contribut 

this deplorable indifference to all that is 

sublime in the universe, and if they sho 

the reader with a portion of that enthusia 

and gratitude which can alone prepare tl 

its final triumph, the labours of the auth 

have been wholly fruitless. 

I 
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LETTER II. 

Thd Eye the mom important of our Organs— Popular DetcriptiiNi of 

it— The Eye is the most fertile Soarce of mental Illusions— Dimn^etr« 

I ance of Objects when their Images ftll upon the Base of the optic 

■ Nerv&— Disappearance of Objects when seen obliquely— Deceptions 

arising flrora viewing Objects in a fhint Light — Luminous Figures crs" 

ated by Pressure on the Eye either from external Causes or flrom the 

Fulness of the Blood-vessels — Ocular Spectra or accidental Colours— 

t Remarkable Effects produced by intense Light — ^Influence of the lroa< 

^ gination in viewing these Spectra — Remarkable Illusion produced by 

this Aflbction of the Eye— Duration of Impressions of Light on the 

Eye — ^Thaumatrope — ^Improvements upon it suggested— Disappear- 

ance of Halves of Objects or of one of two Persons— Instmsibility of 

the Eye to particular Colours— Remarkable Optical lUusion described. 

Op all the organs by which we acquire a know- 
ledge of external nature the eye is the most remark- 
able and the most important. By our other senses 
the information we obtain is comparatively limited. 
The touch and the taste extend no further than the 
surface of our own bodies. The sense of smell is 
exercised within a very narrow sphere, and that of 
recognising sounds is limited to the distance at which 
we hear the bursting of a meteor and the crash of a 
thunderbolt. But the eye enjoys a boundless range 
of observation. It takes cognizance, not only of 
other worlds belonging to the solar system, but of 
other systems of worlds infinitely removed into the 
immensity of space ; and when aided by the telescope, 
the invention of human wisdom, it is able to discover 
the forms, the phenomena, and the movements of 
bodies whose distance is as inexpressible in language 
as it is inconceivable in thought. 

While the human eye has been admired by ordi- 
nary observers for the beauty of its form, the power 
of its movements, and the variety of its expression, 
it has excited the wonder of philosophers by the 
exquisite mechanism of its interior, am its singular 
adaptation to the yariety of purposes which it has 
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20 LETTERS ON NATURAL MAGI 

to serve. The eyeball is nearly glob 
about an inch in diameter. It is fomie 
by a tough opaque membrane called 
coat, which forms the white of the e] 
exception of a small circular portion in 
the cornea. This portion is perfectly 
and so tough in its nature as to afford a 
sistance to external injury. Immediate] 
cornea, and in contact with it, is the aqut 
a clear fluid, which occupies only a smal 
front of the eye. Within this humour 
circular membrane with a hole in its c 
the pupil. The colour of the eye resides 
brane, which has the curious property ol 
and expanding so as to diminish or enlai 
— an effect which human ingenuity has i 
even to imitate. Behind the iris is si 
crystalline lens in a fine transparent ca] 
of the same form with itself. It is the 
by the vitreous humour^ which resembk 
parent white of an egg, and fills up th€ 
eye. Behind the vitreous humour, the 
out on the inside of the eyeball a fine dc 
brane, cajled the retina, which is gn expj 
optic nerve, entering the back of the ej 
municating with the brain. 

A perspective view and horizontal se 
left eye, §}iown in the annexed figure, v 
popular idea of its structure. It is, a 
small camera obscura, by means of wh 
tures of external objects are painted or 
and, in a way of which we are 'ignorapl 
the impression of them to the brain. 

This wonderful organ may be consid 
sentinel which guards the pass betwec 
of matter and of spirit, and through w. 
communications are interchanged. Th 
is the channel by which the mind peruj 
writing of Nature on the retina, and th 
it transfers to that material tablet its d 
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its creations. The eye is consequently the principal 
seat of the supernatural. When the indications of 
the marvellous ase addressed to us through the ear, 
the mind may be startled without being deceived, 
and reason may succeed in suggesting some proba^ 
ble source of the illusion by which we have been 
alarmed : but when the eye in soUtude sees before 
it the forms of life, fresh in their colours and vivid 
in their outhne ; when distant or departed friends ard 
suddenly presented to its view ; when visible bodies 
disappear and reappear without any intelligible cause ; 
and when it beholds objects, whether real or ima^ 
>^ ginary, for whose presence no cause can be assigned, 

I the conviction of supernatural agency becomes under 

ordinary circumstances unavoidable. 

Hence it is not only an amusing but a useful oc- 
cupation to acquire a knowledge of those causes 
which are capable of producing so strange a belief, 
whether it arises from the delusions which the mind 
practises upon itself, or from the dexterity and sci- 
ence of others. I shall therefore proceed to explain 
those illusions which have their origin in the eye, 
whether they are general, or only occasionally ex- 
hibited in particular persons, and under particular 
circumstances. 
There are few persons aware that when they look 
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■with one eye there is some particular object 
them to which they are absolutely blind. If ^ 
with the right eye this point is always abou' 
the right of the object which we are viewin 
the right of the axis of the eye or the point ( 
distinct vision. If we look with the left < 
point is as far to the left. In order to be co: 
of this curious fact, which was discovered 
Mariotte, place two coloured wafers upon a i 
white paper at the distance of three inches, 2 
at the left-hand wafer with the right eye at 
tance of about 11 or 12 inches, t^dng care 
the eye straight above the wafer, and the to 
joins the eyes parallel to the line which jc 
wafers. When this is done, and the left eye 
the right-hand wafer will no longer be visible 
same effect will be produced if we close tl 
eye and look with the left eye at the rig 
wafer. When we examine the retina to dis< 
^ what part of it this insensibility to light belo 

I find that the image of the invisible wafer ha 

on the base of the optic nerve, or the plac< 
this nerve enters the eye and expands itself 
the retina. This point is shown in the pr 
figure by a convexity at the place where th 
enters the eye. 

But though hght of ordinary intensity v 
impression upon this part of the eye, a vf 
light does, and even when we use candler 
j" luminous bodies in place of wafers the 

^ not wholly disappear, but leaves behi 

cloudy lignt, without, however, giving 
like an image of the object from whir 
proceeds. 

When the objects are white wafers 
ground, the white wafer absolutely d'* 
the space which it covers appears to 
black; and as the hght which iUur 
scape is not much Afferent from 1 
wafer, we should expect, whether 



r 



DARK SPOT ON THE RETINA, ETC. 23 

both eyes,* to see a black or a dark spot upon every 
landscape within 15° of the point which most par- 
ticularly attracts our notice. The Divine Artificer, 
however, has not left his work thus imperfect. 
Though the base of the optic nerve is insensible to 
light that falls directly upon it, yet it has been made 
susceptible of receiving luminous impressions from 
the parts which surround it, and the consequence of 
this is, that when the wafer disappears, the spot 
which it occupied, in place of being black, has always 
the same colour as the groimd upon which the wafer 
is laid, being white when the wafer is placed upon a 
white ground, and red when it is placed upon a red 
ground. This curious effect may be rudely illus- 
trated by comparing the retina to a sheet of blotting- 
paper, and the base of the optic nerve to a circular 
portion of it covered with a piece of sponge. If a 
shower falls upon the paper, the protected part 
will not be wetted by the rain which falls upon the 
sponge that covers it, but in a few seconds it will be 
as effectually wetted by the moisture which it absorbs 
from the wet paper with which it is surrounded. In 
like manner the insensible spot on the retina is stim- 
ulated by a borrowed light, and the apparent defect 
is so completely removed that its existence can be de- 
termined only by the experiment already described. 
Of the same character, but far more general in 
its effects, and important in its consequences, is 
another illusion of the eye which presented itself 
to me several years ago. When the eye is steadily 
occupied in viewing any particular object, or when 
it takes a fixed direction while the mind is occu- 
pied with any engrossing topic of speculation or 
of grief, it suddenly loses sight of, or becomes 
blind to, objects seen indirectly, or upon which it 

* When both eyes are open, the object whose image (klls upon the in- 
sensible spot of the one eye is seen by the other, so that though it is not 
invisible, yet it will only be half as luminous, and therefore two dark 
■pots ought to be seen. 
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is not fully directed. This takes place whefhe 
we use one or both eyes, and the object whic 
disappears will reappear without any change in th 
position of the eye, while other objects will vanis 
and revive in succession without any apparer 
cause. If a sportsman, for example, is watchin 
with intense interest the motions of one of hi 
dogs, his companion, though seen with perfec 
clearness by indirect vision, will vanish, and th 
light of the heath or of the sky will close in upo 
the spot which he occupied. 

In order to witness this illusion, put a little bi 
of white paper on a green cloth, and within thre 
or four inches of it place a narrow strip of whit 
paper. At the distance of twelve or cightee 
mches, fix one eye steadily upon the little bit c 
white paper, and in a short time a part or even t' 
whole of the strip of paper will vanish as if it > 
been removed from the green cloth. It will a/ 
reappear, and again vanish, the effect deper 
greatly on the steadiness with which the e 
kept fixed. This illusion takes place when 
the eyes are open, though it is easier to obse: 
when one of them is closed. The same 
happens when the object is luminous. W^ 
candle is thus seen by indirect vision, it 
wholly disappears, but it spreads itself out 
cloudy mass, the centre of which is blue, e 
with a bright ring of yellow light. 

This ins3)ility of the eye to preserve a 
vision of objects seen obliquely is curie 
pensated by the greater sensibility of ' 
of the eye that have this defect. The 
power of seeing objects with perfect ( 
only when it is directed straight upon 
is, all objects seen indirectly are seen 
but it is a curious circumstance, tb 
wish to obtain a sight of a very fain^ 
one of the satellites of Saturn, we c 
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distinctly hy looking away from it, and when the eye 
is turned full upon it, it immediately disappears. 

Effects still more remarkable are produced in the 
eye when it views objects that are difficult to be 
seen from the small degree of light with which 
they happen to be illuminated. The imperfect view 
which we obtain of such objects forces us to fix 
the eye more steadily upon them ; but the more 
exertion we make to ascertain what they are, the 
greater difficulties do we encounter to accomplish 
our object. The eye is actually thrown into a 
state of the most painful agitation ; the object will 
swell and contract, and partly disappear, and it 
will again become visible when the eye has re- 
covered from the delirium into which it has been 
thrown. This phenomenon may be most distinctly 
seen when the objects in a room are illuminated 
with the feeble gleam of a fire almost extinguished ; 
but it may be observed in daylight by the sports- 
man when he endeavours to mark upon the monoto- 
nous heath the particular spot where moor-game 
has alighted. Availing himself of the slightest dif- 
ference of tint in the adjacent heath, he Keeps his 
eye steadily fixed on it as he advances, but when- 
ever the contrast of illumination is feeble, he will 
invariably lose sight of his mark, and if the retina 
is capable of talung it up, it is only to lose it a 
fteeond time. 

This illusion is likely to be most efficacious in 
the dark, when there is just sufficient light to ren- 
der white objects faintly visible, and to persons who 
are either timid or credulous must prove a frequent 
source of alarm. Its influence too is greatly aided 
by anotlier condition of the eye, into which it is 
thrown during partial darkness. The pupil expands 
nearly to the whole width of the iris in order to col- 
lect the feeble light wliich prevails ; but it is demon- 
strable that in this state the eye cannot accommo- 
date itself to see near objects (iistinctb{^^i^^3cia^.'^c&. 
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form of persons and things actually become more 
shadowy and confused when they come within the 
very distance at which we count upon obtaining the 
best view of them. These affections of the eye are, 
we are persuaded, very frequent causes of a j^rticu- 
lar class of apparitions which are seen at night by 
the young and ignorant. The spectres which are 
conjured up are always white, because no other col- 
our can be seen, and they are either formed out of 
inanimate objects which reflect more light than 
others around them, or of animals or human beingr 
whose colour or change of place renders them moi 
visible in the dark. When the eye dimly descric 
an inanimate object whose different parts reflet 
different degrees of light, its brighter parts may ej 
able the spectator to keep up a contmued view 
it ; but the disappearance and reappearance of 
fainter parts, and the change of shape which ens 
will necessarily give it the semblance of a V 
form, and if it occupies a position which is ' 
proachable, and where animate objects canno 
their way, the mind will soon transfer to it a g 
natural existence. In like manner a human i 
shadowed forth in a feeble twilight may ur 
similar changes, and after being distincth 
while it is in a situation favourable for re 
and reflecting light, it may suddenly disa* 
a position fully before, and within the rear 
observer's eye ; and if this evanescence t? 
in a path or road where there was no si 
which the figure could escape, it is not ' 
ordinary mind to efface the impression v 
not fail to receive. Under such circum 
never think of distrusting an organ whi 
never found to deceive us; and the 
maxim that " seeing is believing" if 
sally admitted, and too deeply rootr 
ture, td'ttdmit on any occasion of a sir 
In these observations we have mr 
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spectator bean along with him no fears or preju- 
dices, and is a faithful interpreter of the phenomena 
{>resented to his senses ; but if he is himself a be- 
iever in apparitions, and unwilling to receive an 
ocular demonstration of their reahly, it is not diffi- 
cult to conceive the picture which will be drawn 
when external objects are distorted and caricatured 
by the imperfect indications of his senses, and col- 
oured with all the vivid hues of the imagination. 

Another class of ocular deceptions have their 
origin in a property of the eye which has been very 
imperfectly exammed. The fine nervous fabric 
wluch constitutes the retina, and which extends to 
the brain, has the singular property of being phos- 
phorescent by presswre. When we press the eyeball 
outwards by applying the point of the finger between 
it and the nose, a circle of light will be seen, which 
Sir Isaac Newton describes as '* a circle of colours 
like those in the feather of a peacock's tail." He 
adds, that " if the eye and the finger remain quiet, 
these colours vanish in a second of time, but if the 
finger be moved with a quavering motion they appear 
again." In the numerous observations which I have 
n^e on these luminous circles, I have never been 
able to observe any colour but white, with the ex- 
ception of a general red tinge which is seen when 
the eyelids are closed, and which is produced by the 
light which passes through them. The liuninous 
circles too always continue while the pressure is 
appUed, and they may be produced as readil}r after 
the eye has been long in darkness as when it has 
been recently exposed to light. When the pressure 
is very gently applied, so as to compress the fine 
pulpy siwstance of the retina, light is immediately 
created when the eye is in total darkness ; and when 
in this state light is allowed to fall upon it, the part 
compressed is more sensible to light than any other 
part, and consequently appears more luminous. If 
we increase the pressure, the CY^h«IL^\aft\sis^^S2>s^ 
with incompieaaMe^xxv^'A^^'^^x^Vx^ 



38 LBTTlfiRS ON NATURAL MAGIC. 

point of pressure, and consequently the retina at the 
protruded part will be corMtressed^ by the outward 
pressm« of the contained nuid, while the retina on 
each side, namely, under the point of pressure and 
beyond the protruded part, will be drawn towards 
the protruded part or dUated. Hence the part under 
the nnger which was originally compressed is now 
dilaiedj the adjacent parts campressedj and the more 
remote parts immediately wittiout this dilated also. 
Now we have observed, that when the eye is, under 
these circumstances, exposed to light, there is a bright 
luminous ^circle shading off externally and internally 
into total darkness. We are led therefore to the im- 
portant conclusions, that when the retina is com- 
pressed in total darkness it gives out light ; that when 
it is compressed when exposed to light, its sensibility 
to light is increased ; and that when it is dilated under 
exposure to light, it becomes absolutely blind, or insen^ 
sitle to all luminous impressions. 

When the body is in a state of perfect health, 
this phosphorescence of the eye shows itself on 
many occasions* When the eye or the head re- 
ceives a sudden blow, a bright flash of light shoots 
from the eyeball. In the act of sneezing, gleams 
of light are emitted from each eye, both during 
the inhalation of the air, and during its subse- 
quent protrusion ; and in blowing air violently 
through the nostrils, two patches of light appear 
above the axis of the eye and in front of it, while 
other two luminous spots unite into one, and ap- 
pear as it were about the point of the nose, when 
the eyes are directed to it. When we turn the 
eyeball by the action of its own muscles, the re- 
tina is affected at the place where the muscles are 
inserted, and there may be seen opposite each 
eye and towards the nose two semicircles of light, 
and other two extremely faint towards the temples. 
At particular times, when the retina is more phos- 
phorescent than at others, these semicircles are ex« 
jt>anded into complete circles of light. 
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In a state of indisposition, the phosphorescence 
of the retina appears in new and more alarming 
forms. When the stomach is under a temporary 
derangement, accompanied with headache, the pres- 
sure of the blood-vessels upon the retina shows itself, 
in total darkness, by a faint blue hght floating be- 
fore the eye, yarymg in its shape, and passing 
away at one side. This blue light increases in in- 
tensity, becomes green and then yellow^ and some- 
times rises to red^ all these colours being frequently 
seen at once, or the mass of light shsdes off into 
darkness. When we consider the variety of dis- 
tinct forms which in a state of perfect health the 
imagination can conjure up when looking into a 
burning fire, or upon an irregularly shaded surface,* 
it is easy to conceive how the masses of coloured 
light wMch float before the eye may be moulded by 
the same power into those fantastic and natural 
shapes which so often haimt the couch of the invalid, 
even when the mind retains its energy, and is con- 
scious of the illusion under which it labours. In other 
cases, temporary blindness is produced by pressure 
upon the optic nerve, or upon the retina, and im- 
der the excitation of fever or delirium, when the 
physical cause which produces spectral forms is at 
its height, there is superadded a powerful influence 
of the mind, which imparts a new character to the 
phantasms of the senses. 

* A Tery curioni example of the influence of the hnagination in ere- 
ating distinct fbmui oat of an irregularly shaded surAce, is mentioned 
In the life of Peter Heaman, a Swede, who was executed for piracy and 
murder at Leith in 182SS. We give it in his own words : 

**0ne remarkable thing was, one day as we mended a sail, it being a 
very thin one, after laying it upon deck in fMds, I took the tar brush and 
tarred it over in the places which I thought needed to be strengthened. 
JSut when we hoisted it up, I was astonished to see that the tar I had 
put upon it represented a gallows and a man under it without a head. 
TlM head was lying beside him. He was complete, body, thighs, legs, 
arms, and in every shape like a man. Now, I oftentimes made remann 
upon it, and repeated them to the others. I always said to them all, you 
may dcpoid upon it that something will happen. I afterward took down 
the Mil on a ealm day, and sewed a piece of canvass over the figure to 
cover it, Ibr I eoold not bear to have It always before my eyea.** 

C9 
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■ In order to complete the history of the illusions 
which originate in the eye, it will be necessary to 
give some account of the phenomena called ocular 
spectra, or accidental colours. If we cut a figure 
out of red paper, and placing it on a sheet of white 
paper, view it steadily for some seconds with one 
or both eyes fixed on a particular part of it, we 
Shan observe the red colour to become less briUiant. 
If we then turn the eye from the red figure upon 
the white paper, we shall see a distinct green 
figure, which^ is the spectrum, or accidental colour 
of the red figure. With differently coloured figures 
we shall observe differently coloured spectra, as in 
the following table t 

Cdoar of the Colour of the Spec- 

Original flgOTM. tral figures. 

Ked, Bluish-green. 

Orange, Blue. 

Yellow, Indigo. 

Green, Reddish-violet. 

Blue, Orange-red. 

Indigo, Orange-yellow. 

Violet, Yellow. 

White, Black. 

mack. White* 

The two last of these e3q)eriments, viz. white and 
black figures, may be satisfactorily made by using 
a white medallion on a dark ground, and a black 
profile figure. The spectrum of the former will be 
found to be black, and that of the latter white. 

These ocular spectra often show themselves 
without any effort on our part, and even without 
our knowledge. In a highly painted room illumi^ 
nated by the sun, those parts of the furniture on 
which the sun does not directly fall, have always 
the opposite or accidental colour. If the sun shines 
through a chink in a red vrindow-curtain, its light 
Wttl appear green, varying, as in the above table, 
with the colour of the curtain ; and if we look at 
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the image of a candle reflected from the water in a 
hlue finger glass, it will appear yellow. Whenever, 
in short, the eye is affected with one preyailing col- 
our, it sees at the same time the spectral or acci- 
dental colour, just as when a musical string is 
vibrating, the ear hears at the same time its fun- 
damentsd and its harmonic sounds. 

If the prevailing light is white and very strong-, 
the spectra which it produces are no lon^r black, 
but of various colours in succession. If we look 
at the sun for example, when near the horizon, or 
when reflected from glass or water, so as to mod- 
erate its briUiancy, and keep the eye upon it steadily 
for a few seconds, we shall see even for hours af- 
terward, and whether the eye is open or shut, a 
spectre of the sun varying in its colours. At first, 
with the eye open, it is brownish-red with a sky^ 
blue border, and when the eye is shut, it is green 
with a red border. The red becomes more brilliant, 
and the bltie more vivid, till the impression is 
gradually worn off; but even when they become 
very faint, they may be revived by a gentle pressure 
on the eyeball. 

Some eyes are more susceptible than others of 
these spectral impressions, and Mr. Boyle mentions 
an individual who continued for years to see the 
spectre of the sun when he looked upon bright ob- 
jects. This fact appeared to Locke so interesting 
and inexplicable, that he consulted Sir Isaac New- 
ton respecting its cause, and drew from him the 
following interesting account of a similar efiect 
upon himself: "The observation you mention in 
Mr. Boyle's book of colours, I once made upon 
myself with the hazard of my eyes. The manner 
was this ; I looked a very little while upon the 
sun in the looking-glass with my right eye, and then 
turned my eyes into a dark corner of my cham- 
ber and winked, to observe the impression made, 
and the circles of colours which encoippassed it, 
And how they decayed by degrees^ aivi at laal ^s^a^ 
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ished. This I repeated a second and a third time. 
At the third time, when the phantasm of light and 
colours ahout it were almost vanished, intending 
my fancy upon them to see their last appearance, 
I found, to my amazement, that they oegan to 
return, and by little and little to become as lively 
and vivid as when I had newly looked upon the 
sun. But when I ceased to intend my fancy upon 
them they vanished again. After this I found, 
that, as often as I went into the dark, and intended 
my mind upon them, as when a man looks ear- 
nestly to see any thing which is difficult to be seen, 
I could make the phantasm return without looking 
any more upon the sun ; and the oftener I made it 
return the more easily I could make it return 
again. And at length, by repeating this without 
looking any more upon tne sun, I made such an 
impression on my eye, that, if I looked upon the 
clouds, or a book, or any bright object, I saw upon 
it a round bright spot of light like the sun ; and, 
which is still stranger, though I looked upon the 
sun with my right eye only, and not with my left, 
yet my fancy began to make an impression upon 
my left eye as well as upon my right. For if I 
shut my right eye, and looked upon a book or the 
clouds with my left eye, I could see the spectrum 
of the sun almost as plain as with my right eye, if 
I did but intend my fancy a little while upon it; 
for at first, if I shut my right eye, and looked with 
my left, the spectrum of the sun did not appear till 
I intended my fancy upon it; but by repeating, 
this appeared every time more easily. And now 
in a few hours time I had brought my eyes to such a 
pass, that I could look upon no bnght object with 
either eye but I saw the sim before me, so that 
I durst neither write nor read ; but to recover the 
use of my eyes, shut myself up in my chamber 
made dark, for three days together, and used all 
means in my power to direct my imagination from 
the sun. For if I thought upon him, I presently 
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tf&vr his picture thongti I was in the dark. But 
by keeping in the dark, and employing my mind 
about other things, I began in three or four days 
to have more use of my eyes again ; and by for- 
bearing to look upon bright objects, recovered them 
pretty well ; though not so well but tliat, for some 
months after, the spectrums of the sun began to re- 
turn as often as I began to meditate upon the phe- 
nomena, even though I lay in bed at midnight with 
my curtains drawn. But now I liave been very 
well for many years, though I am apt to think, if 
I durst venture my eyes, I could still make the 
phantasm return by the power of my fancy. This 
story I tell you, to let you understand, that in the 
obsen'ation related by[ Mr. Boyle, the man's fancy 
probably concurred with the impression made by 
the sun's light to produce that phantasm of the sun 
which he constantly saw in bright objects."* 

I am not aware of any effects that had the char- 
acter of supernatural having been actually pro- 
duced by the causes above described ; but it is ob- 
vious, that if a living iigure had been projected 
against the strong light which imprinted these du- 
pable spectra of the sun, which might really happen 
when the solar rays are reflected from water, and 
difiused by its ruffled surface, this figure would have 
, necessarily accompanied all the luminous spectres 
which the fancy created. Even in ordinary lights 
strange appearances may be produced by even trtui- 
sient impressions, and if I am not greatly mistaken, 
the case which I am about to mention is not only 
one which may occur, but which actually happened. 
A figure dressed in biack and mounted upon di white 
horse was riding along exposed to the bright rays 
of the sun, which through a small opening in the 
clouds was throwing its light only upon that part of 
the landscape. The black figure was proj ected against 

*U9mi!t» EM-nkurg^EneiOopiBdia^ Art^AccwiMTAL Colours. 
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a white cloud, and the white horse shone with par- 
ticular bhlliancy by its contrast with the dark soil 
against which it was seen. A person interested in 
the arrivsd of such a stranger had been for some 
time following his moyements with intense anxiety, 
but upon his disappearance behind a wood, was sur- 
prised to observe the spectre of the mounted stran- 
ger in the form of a white rider upon a black steed, 
and this spectre was seen for some time in the sky, 
or upon any pale ground to which the eye was di- 
rected. Such an occurrence, especially if accompa^ 
nied with a suitable combination of events, might 
even in modem times have formed a chapter in the 
history of the marvellous. 

It is a curious circumstance, that when the image 
of an object is impressed upon the retina only for a 
few moments, the picture which is left is exactly 
of the same colour with the object. If we look fo 
example at a window at some distance from the eye 
and then transfer the eye quickly to the wall, wc 
shall see it distinctly but momentarily with ligh 
panes and dark bars ; but in a space of time inca' 
culably short, this picture is succeeded by the spe 
tral impression of the window, which will consist 
black panes and white bars. The similar S])ectr 
or that of the same colour as the object, is & 
seen in the experiment of forming luminous cr 
by whirling round a burning stick, in which caf 
circles are always red. 

In virtue of this property of the eye an 
may be seen in many places afr once ; and v 
even exhibit at the same instant the two ( 
sides Of the same object, or two pictures paj 
the opposite sides of a piece of card. It wa 
by a French philosopher M. D'Arcet, that 
pression of light continued on the retina a' 
eighth part of a second after the luminous ^ 
withdrawn, and upon this principle Dr. 
constructed the pretty little instrument 
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Thaumatrope^ or the Wonder-turner, It consists of 
a number of circular pieces of card about two or 
tfaf ee inches broad, which may be twirled round with 
great velocity by the application of the fore-finger 
and thumb of each hand to pieces of silk string at- 
tached to opposite points of their circumference. 
Chi each side of the circular piece of card is painted 
part of a picture, or a part of a figure, in such a man- 
ner that the two parts would form a group or a 
whole figure if we could see both sides at once. 
Harlequin for example is painted on one side, and 
Columbine on the other, so that by twirling round 
the card the two are seen at the same time in their 
usual mode of combination. The body of a Turk is 
drawn on one side, and his head on the reverse, and 
by the rotation of the card the head is replaced upon 
his shoulders. The principle of this illusion may 
be extended to many other contrivances. Part of 
a sentence may be written on one side of a card 
and the rest on the reverse. , Particular letters may 
be given on one side, and others upon the other, or 
even halves or parts of each letter may be put upon 
each side, or all these contrivances may be combined 
so that the sentiment which they express can be 
understood only when all the scattered parts are 
united by the revolution of the card. 

As the revolving card is virtually transparent, so 
that bodies beyond it can be seen through it, the 
power of the illusion might be greatly extended by 
mtroducing into the picture other figures, either 
animate or inanimate. The setting sun for exam- 
ple, might be introduced into a landscape : Part of 
the flune of a fire might be seen to issue from the 
crater of a volcano, and cattle grazing in a field 
might make part of the revolutionary landscape. 
For such purposes, however, the form of the instru- 
ment would require to be completely changed, and 
the rotation should be effected round a standing 
izit by wheels and pinionsy and a screen placed in 
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front of the revolving plane with open comp 
ments or apertures, through which the princ 
figures would appear. Had the principle of 
instrument been known to the ancients, it w( 
doubtless have formed a powerful engine of d 
sion in their temples, and might have been n 
effective than the optical means which they s< 
to have employed for producing the apparition: 
their gods. 

In certain diseased conditions of the eye eflR 
of a very remarkable kind are produced. The 
ulty of seeing objects double is too common t( 
noticed as remarkable ; and though it may take p] 
with only one eye, yet as it generally arises fro 
transient inability to direct the axes of both € 
to the same point, it excites little notice. 1 
state of the eye, however, in which we lose s 
of. half of every object at which we look, is n 
alarming and more likely to be ascribed to the 
appearance of part of the object than to a defec 
sight. Dr. WoUaston, who experienced this df 
twice, informs us that, after taking violent exer 
he " suddenly found tliat he could see but half 
man whom he met, and that, on attempting U 
the name of JOHNSON over a door, he sav 
SON, the commencement of the namf 
wholly obliterated from his view." In this in 
the part of the object which disappeared was f 
his left, but on a second occurrence of tl 
affection, the part which disappeared was 
his right. Tliere are many occasions c 
this (jefect of the eye might alarm the pe 
witnessed it for the first time. At ce 
tances from tlie eye one or two persons 
cessarily disappear ; and by a slight chan 
tion either in the observer or th6 persor 
the person that vanished would reappea 
other would disappear in his turn. 7 
•tancos under which these evanescence 
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place could not be supposed to occur to an ordi- 
nary observer, even if ne should be aware that the 
cause had its origin in himself. When a phenome- 
non so strange is seen by a person in perfect health, 
as it generaUy is, and who has never had occasion 
to dii^rust the testimony of his senses, he can 
scarcely refer it to any other cause than a superna- 
tural one. 

Among the affections of the eye which not only 
deceive the person who is subject to them, but those 
also who witness their operation, may be enume- 
rated the insensibility of the eye to particular col- 
ours. This defect is not accompanied with any 
imperfection of vision, or connected* with any dis- 
ease either of a local or a general nature, and it has 
hitherto been observed in persons who possess a 
strong and a sharp sight. Mr. Huddart has de- 
scribed the case of one Harris, a shoemaker at Mary- 
port in Cumberland, who was subject to this defect 
in a very remarkable degree. He seems to have 
been insensible to every colour, and to have been 
capable of recognising only the two opposite tints of 
black and white. " His first suspicions of this de- 
fect arose when he was about four years old. Hav- 
ing by accident found in the street a child's stock- 
ing, he carried it to a neighbouring house to inquire 
for the owner : he observed the people call it a 
red stocking, though he did not understand why 
they gave it that denomination, as he himself 
thought it completely described by being called a 
stockii^. The circumstance, however, remained in 
his memory, and with other subsequent observa- 
tions, led him to the knowledge of his defect. He 
observed also that, when young, other children 
could'discern cherries on a tree by some pretended 
difference of colour, though he could only distin- 
guish them from the leaves by their difference of 
size and shape. He observed also that, by means 
of this difference of colour, tlm covsJA^^^vc^i Ow»^ 
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lies at a greater distance than he could, though he 
could see other objects at as great a distance as 
they, that is, where the sight was not assisted by 
the colour." Harris had two brothers whose per- 
ception of colours was nearly as defective as his 
own. One of these, whom Mr. Huddart examined, 
constantly mistook light green for yellow^ and orange 
for grass green. 

mr. Scott has described in the Philosophical 
Transactions his own defect in perceiving colours. 
He states, that he does not know any green in the 
world ; that a pink colour and a pale blue are per- 
fectly alike ; tnat he has often thought a full red 
and 3. full ^reen a good match : that he is sometimes 
baffled in distinguishing a/t/// vurple from a deep hlue^ 
but that he knows light, dark, and middle yellows^ 
and all degrees of blue except sky-blue. " I married 
my daughter to a genteel, worthy man, a few years 
ago ; the day before the marriage he came to my 
house dressed in a new suit of fine cloth clothes. 
I was much displeased that he should come as I 
supposed, in black ; and said that he should g:o back 
to change his colour. But my daughter said. No, 
no ; the colour is very genteel, that it was my eyes 
that deceived me. He was a gentleman of the law, 
in a fine rich claret-coloured dress, which is as much 
a black to my eyes as any black that ever was died." 
Mr. Scott's father, his maternal uncle, one of his 
sisters, and her two sons, had all the same imper- 
fection. Dr. Nichol has recorded a case where a 
naval officer purchased a blue uniform coat and 
waistcoat with red breeches to match the blue, and 
Mr. Harvey describes the case of a tailor at Ply- 
mouth, who on one occasion repaired an article of 
dress with crimson in place of black silk, and on 
another patched the elbow of a blue coat with a 
piece of crimson cloth. It deserves to be remarked 
that our celebrated countrymen the late Mr. Du- 
gald Stewart, Mr. Dalton, and Mr. Troughton, have 
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a similar difficulty in distinguishing colours. Mr. 
Stewart discovered this defect when one of his 
family was admiring the beauty of the Siberian 
crab-i^le, which he could not distinguish from the 
leaves but by its form and size. Mr. Dalton can- 
not distinguish blue from pink, and the solar spec- 
trum consists only of two colours, yellow and olue. 
Mr. Troughton regards red, ruddy pinks, and bril- 
liant oranges as yellows, and greens as blues, so that 
he is capable only of appreciating blue and yellow 
colours. 

In all those cases which have been carefully stu- 
died, at least in three of them in which I have had 
the advantage of making personal observations, 
namely, those of Mr. Troughton, Mr. Dalton, and 
Mr. Liston, the eye is capable of seeing the whole 
of the prismatic spectrum, the red space appearing 
to be yellow. If the red space consisted of homo- 
geneous or simple red rays, we should be led to infer 
that the eyes in question were not insensible to red 
light, but were merely incapable of discriminating 
between the impressions of red and yellow hght. I 
have lately shown, however, that the prismatic spec- 
trum consists of three equal and coincident spectra 
of red, yellow, and blue light, and consequently, that 
much yellow and a small portion of blue light exist 
in the red space ; and hence it follows, that those 
eyes which see only two colours, viz. yellow and bliie, 
in the spectrum, are really insensible to the red 
light of the spectrum, and see only the yellow with 
the small portion of blue with which the red is 
mixed. The faintness of the yellow light which is 
thus seen in the red space, confirms the opinion that 
the retina has not appreciated the influence of the 
simple red rays. 

If one of tne two travellers who in the fable of 
the chameleon, are made to quarrel about the colour 
of that singular animal, had happened to possess this 
defect of sight, they would bsN^ «Ci$^Q\ss!^^x<^^ '^ 
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every step of their journey new grounds of dissen- 
sion, without the chance of finding an umpire who 
could pronounce a satisfactory decision. Under 
certain circumstances, indeed, the arbiter might set 
aside the opinions of both the disputants, and render 
it necessary to appeal to some higher authority, 

to beg be 'd tell 'em if be knew 

Whether the thing was red or blut. 

In the course of writing the preceding observations, 
an ocular illusion occurred to myseff of so extra- 
ordinary nature, that I am convinced it never was 
seen before, and I think it far from probable that it 
will ever be seen again. Upon directing my eyes 
to the cancfles that were standing before me, I was 
surprised to observe, apparently among my hair, and 
nearly straight above my head, and far without the 
range of vision, a distinct image of one of the can- 
dles, inclined about 45° to the horizon, as shown at 
A in Fig, 2. The image was as distinct and perfect 
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as if it had been fonned by reflection from a piece 
of mirror glass, though of course much less briUiant, 
and the position of the image proved that it must be 
formed by reflection from a perfectly flat and highly 
polished surface. But where such a surface could 
be placed, and how, even if it were fixed, it could 
reflect the image of the candle up through my head, 
were difficulties not a little perplexing. Thinking 
that it might be something lodged in the eyebrow, 
I covered it up from the light, but the image still 
retained its place. I then examined the eyelashes 
with as little success, and was driven to the extreme 
supposition that a crystallization was taking place 
in some part of the aqueous humour of the eye, and 
that the image was formed by the reflection of the 
light of the candle from One of the crystalline faces. 
In this state of uncertainty, and, I may add, of 
anxiety, for this last supposition was by no means 
an agreeable one, I set myself down to examine the 
phenomenon experimentally. I found that the image 
varied its place by the motion of the head and of the 
eyeball, which proved that it was either attached to 
the eyeball or occupied a place where it was aflected 
by that motion. Upon inclining the candle at differ- 
ent angles the image suflered corresponding varia- 
tions of position. In order to determine the exact 
place of the reflecting substance, I now took an 
opaque circular body and held it between the eye 
and the candle till it eclipsed the mysterious image. 
By bringing the body nearer and nearer the eyeball 
till its shadow became sufficiently distinct to be seen, 
it was easy to determine the locality of the reflector, 
because the shadow of the opaque body must fall 
upon it whenever the image of the candle was 
eclipsed. In this way I ascertained that the reflecting 
body was in the upper eyelash, and I found, that, in 
consequence of being disturbed, it had twice changed 
its inclination, so as to represent a vertical candle 
ifi the horizontal pioftition B, v;i4 ^^t«^s.^Nsx*^ 
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inverted position C. Still, however, I sought for it 
in vain, and even with the aid of a magnifier I could 
not discover it. At last, however, Mrs. B., who pos- 
sesses the perfect vision of short-sighted persons, 
discovered, after repeated examinations, between 
two eyelashes, a minute speck, which, upon being 
removed with great difficulty, turned out to be a 
chip of red wax not above the hundredth part of an 
inch in diameter, and having its surface so perfectly 
flat and so highly polished that I could see in it the 
same image of the candle, by placing it extremely 
near the eye. This chip of wax haa no doubt re- 
ceived its flatness and its polish from the surface of 
a seal, and had started into my eye when breaking 
the seal of a letter. 

That this reflecting substance was the cause of the 
image of the candle cannot admit of a doubt ; but 
the wonder still remains how the images which it 
formed occupied so mysterious a place as to be seen 
without the range of vision, and apparently through 
the head. In order to explain this, let m n Fig. 2, 
be a lateral view of the eye. The chip of wax was 
placed at m at the root of the eyelashes, and being 
nearly in contact with the outer surface of the cor- 
nea, tne light of the candle which it reflected passed 
very obliquely through the pupil and fell upon the 
retina somewhere to the left of n, very near where 
the retina terminates ; but a ray thus falling obliquely 
on the retina is seen, in virtue of the law of visible 
direction already explained, in a line n C perpen- 
dicular to the retina at the point near n, where the 
ray fell. Hence the candle was necessarily seen 
through the head as it were of the observer, and 
without the range of ordinary vision. The compar- 
ative brightness of the reflected image still surprises 
me ; but even this, if the image really was brighter, 
may be explained by the fact, that it was formed on 
a part of the retina, upon which lidit had never be- 
fore Mws, and wMch may therefore be mippOMd 
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to be more sensible, than fhe parts of the membrane 
in constant use, to luminous mipressions. 

Independent of its interest as an example of the 
marvellous in vision, the preceding fact maybe con^ 
sidered as a proof that the retina retains its power 
to its very termination near the ciliary processesi 
and that the law of visible direction holds true even 
without the range of ordinary vision. It is there- 
fore possible that a reflecting surface favourably 
placed on the outside of the eye, or that a reflecting 
surface in the inside of the eye, may cause a lumi- 
nous image to fall nearly on the extreme margin of 
the retina, the consequence of which woiid be 
that it would be seen in the back of the head half 
way between a vertical and a horizontal line. 
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Subject of ■pectral Illusions— Recent and interesting Case of Mrs. A.— 
Her first Illasion affecting tlie Ear— Spectral Apparition of her Hns- 
band — Spectral Apparition of a Cat— Apparition of a near and living 
Relation in Grave-clothes seen in a Looking-glass — Other Ulnsions 
affecting the Ear— Sfiectre of a deceased Friend silting in an easy-chair 
— Spectre of a Coach and fbor filled with Skeletons — Accuracy and 
Value of the preceding Oases — State of Health under which they arose 
— Spectral Apparitions are Pictures on the Retina— The Ideas of Mem- 
ory and Imagination are also Pictures on the Retina— General Views 
of the Subject— Approximate Explanation of spectral Aj^Nuritiona. 

The preceding accounts of the .different sources 
of illusion to which the eye is subject, is not only 
useful as indicating the probable cause of any indi- 
vidual deception, but it has a special importance in 
preparing the mind for imderstanding those more 
vivid and permanent spectral illusions to which some 
individuals have been either occasionally or habit* 
ually subject. 

In these lesser phenomena we find the retina so 
powerfully in^uenced by extend \rDL\ft%^^\^\!i&^s^'^ 
ntsuB the view of visibie o\^QeteAoii%%Su{t^«^ ^3% 
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withdrawn ; we observe it to be so excited by local 
pressures of which we sometimes know neither the 
nature nor the origin, as to see in total darknesi 
moving and shapeless masses of coloured light ; and 
we fioid, as in the case of Sir Isaac Newton and 
others, that the imagination has the power of re- 
viving the impressions of highly luminous objects, 
months and even years after they were first made. 
From such phenomena, the mind feels it to be no 
violent transition to pass to those spectral illusions 
which, in particular states of health, have haunted 
the most intelligent individuals, not only in the broad 
light of day, but in the very heart of the social circle. 

This curious subject has been so ably and fully 
treated in your Letters on Demonology, that it would 
be presumptuous in me to resume any part of it 
on which you have even touched; but as it forms 
a necessary branch of a Treatise on Natural Magic, 
and as one of the most remarkable cases on record 
has come within my ovm knowledge, I shall make 
no apology for giving a full account of the different 
spectral appearances which it embraces, and of 
adding the results of a series of observations and 
experiments on which I have been long occupied, 
with the view of throwing some light on this re- 
markable class of phenomena. 

A few years ago I had occasion to spend some 
days under the same roof with the lady to whose 
case I have above referred. At that time she had 
seen no spectral illusions, and was acquainted with 
the subject only from the interesting volume of Dr. 
Hibbert. In conversing with her about the cause 
of these apparitions, I mentioned, that if she should 
ever see such a thing, she might distinguish a gen- 
uine ghost existing externally, and seen as an exter- 
nal object, from one created by the mind, by merely 
pressing one eye or straining them both so as to see 
objects double ; for in this case the external object 
or supposed apparition would invariably be douued, 
while the impi^stion on the retina created by th« mind 
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would remain single. This observation recurred to 
her mind when she unfortunately became subject to 
the same illusions ; but she was too well acquainted 
with their nature to require any such evidence of 
their mental origin ; and the state of agitation which 
generally accompanies them seems to have prevented 
her from making the experiment as a matter of 
curiosity. 

1. The first illusion to which Mrs. A. was subject 
was one which affected only the ear. On the 26th 
of December, 1830, about half-past four in the 
afternoon, she was standing near the fire in the 
hall, and on the point of going up stairs to dress, 
when she heard, as she supposed, her husband's voice 

calling her by name, " Come here ! come 

to me !" She imagined that he was calling at the 
door to have it opened, but upon going there and 
opening the door she was surprised to fiiKl no person 
there. Upon returning to the fire, she again heard 
the same voice calling out very distinctly and loudly, 

" Come, come here !" — She then opened 

two other doors of the same room, and upon seeing 
no person she returned to the fireplace. After a few 
moments she heard the same voice still caUing, 

" Come to me, come ! come atway !" in a 

loud, plaintive, and somewhat impatient tone. She 
answered as loudly, " Where are you 1 I don't know 
where you are ;" still imagining that he was some* 
where in search of her : but receiving no answer, she 
shortly went up stairs. On Mr. A.'s return to the 
house, about half an hour afterward, she inquired 
why he called to her so often, and where he was ; 
and she was of course greatly surprised to learn that 
he had not been near the house at the time. A 
similar Ulusion, which excited no particular notice 
at the time, occurred to Mrs. A. when residing at 
Florence about ten years before, and when she was 
in perfect health. When she was undressing after 
a ball, she heard a voice caU her repeatedly hf 
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name, and she was at that time imable to accaanf 
for it. 

3. The next illusion which occurred to Mrs. A. 
was of a more alarming character. On the SOth 
of December, about four o'clock in the afternoon, 
Mrs. A. came down stairs into the drawing-room, 
which she had quitted only a few minutes before, 
and on entering the room she saw her husband, as 
she supposed, standing with his back to the fire. 
As he had gone out to take a walk about half an 
hour before, she was surprised to see him there, and 
asked him why he had returned so soon. The 
figure looked fixedly at her with a serious and thought- 
fid expression of countenance, but did not speak. 
Supposing that his mind was absorbed in thought, 
she sat down in an arm-chair near the fire, and 
within two feet at most of the figure, which she 
still saw standing before her. As its eyes, how- 
ever, still continued to be fixed upon her, she said 
after the lapse of a few minutes, "Why dont 

you speak ?" The figure immediately moved 

off towards the wihdow at the farther end of the 
room, with its eyes still gazing on her, and it 
passed so very close to her in doing so, that 
she was struck by the circumstance of hearing 
no step nor sound, nor feeling her clothes brushed 
against, nor even any a^tation in the air. Al- 
though she was now convinced that the figure wai 
not her husband, yet she never for a moment sup 
posed that it was an^ thing supernatural, and wa 
soon convinced that it was a spectral illusion, i 
soon as this conviction had established itself in h 
mind she recollected the experiment which I h 
suggested, of trying to double the object ; but befc 
she was able distinctly to do this, the figure had 
treated to the window, where it disappeared. N 
A. immediately followed it, shook tne curtains 
examined the window, the impression having l 
BO distinct and forcible that she was unwilun^ 
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believe that it was not a reality. Fincling, however, 
that the Hgme had no natural means of escape, she 
was convinced that she had seen a spectral apparition 
like those recorded in Dr. Hibbert's work, and she 
consequently felt no alarm or agitation. The ap- 
pearance was seen in bright daylight, and lasted 
four or five minutes. When the figure stood close to 
her it concealed the real objects behind it, and the 
apparition was fully as vivid as the reality. 

3. On these two occasions Mrs. A. was alone, but 
when the next phantasm appeared her husband was 
present. This took place on the 4th of January, 
1830. About ten o'clock at night, when Mr. and 
Mrs. A. were sitting in the drawing-room, Mr. A. 
took up the poker to stir the fire, and when he was 
in the act of doing this, Mrs. A. exclaimed, " Why 
there's the cat in the room !" — " Where V asked Mr. 
A. — " There, close to you," she replied. — " Where 1" 
he repeated. — " Why on the rug to be sure, between 
yoiurself and the coal-scuttle." Mr. A. , who had still 
the poker in his hand, pushed it in the direction men- 
tioned, — " Take care," cried Mrs. A. " take care, you 
are hitting her with the poker." Mr. A. again asked 
her to point out exactly where she saw the cat. 
She replied, " Why sittmg up there close to your 
feet on the rug : She is looking at me. It is Kitty 
— come here Kitty V — ^There were two cats in the 
house, one of which went by this name, and they 
were rarely if ever in the drawing-room. At this 
time Mrs. A. had no idea that the sight of the cat 
was an illusion. When she was asked to touch it, 
she got up for the purpose, and seemed as if she were 
pursuing something which moved away. She fol- 
lowed a few steps, and then said, *' It has gone under 
the chair." Mr. A. assured her it was an illusion, 
but she would not believe it. He then lifted up the 
chair, and Mrs. A. saw nothing more of it. The 
room was then searched all over, and nothing found 
in it. There was a dog lying on the hearta^ ^vibA 
would have betrayed gieaX w»^»ca»w^ M % ^al^Xa^ 
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been in the room, but he lay perfectly quiet. In 
order to be quite certain, Mr. A. rung the bell, and 
sent for the two cats, both of which were found in 
the housekeeper's room. 

4. About a month after this occurrence, Mrs. A., 
who had taken a somewhat fatiguing drive during 
the day, was preparing to go to bed about eleven 
o'clock at night, and, sitting before the dressing- 
glass, was occupied in arranging her hair. She 
was in a listless and drowsy sl^te of mind, but fully 
awake. When her fingers were in active motion 
among the papillotes, she was suddenly startled by 
seeing in the mirror the figure of a near relation, 
who was then in Scotland, and in perfect health. 
The apparition appeared over her left shoulder, and 
its eyes met hers in the glass. It was enveloped 
in grave-clothes, closely pinned, as is usual with 
corpses, round the head, and under the chin, and 
though the eyes were open, the features were solemn 
and rigid. The dress was evidently a shroud, as 
Mrs. A. remarked even the punctured pattern usu- 
ally worked in a peculiar manner round the edges 
of that garment. Mrs. A. described herself as at 
the time sensible of a feeling like what we conceive 
of fascination, compelling her for a time to gaze on 
this melancholy apparition, which' was as distinct 
and vivid as any reflected reality could be, the light 
of the candles upon the dressing-table appearing to 
shine fully upon its face. After a few minutes, 
she turned round to look for the reality of the form 
over her shoulder ; but it was not visible, and it had 
also disappeared from the glass when she looked 
again in that direction. 

6. In the beginning of March, when Mr. A. 'had 
been about a fortnight from home, Mrs. A. fre- 
quently heard him moving near her. Nearly every 
night as she lay awake she distinctly heard sounds 
like his breathing hard on the pillow by her side, 
and other soundS such as he might make whil* 
tumuig m bed. 
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B. On another occasion during^ Mr. A.'s absence, 

while riding with a neighbour Mr. , she heard 

his voice mquently as if she were riding by his 
side. She heard also the tramp of his horse's feet, 
and was almost puzzled by hearing hiin address her 
at the same time with the person really in com- 
pany. His voice made remarks on the scenery, 
improvements, &c. such as he probably should have 
done had he been present. On this occasion, how- 
ever, there was no visible apparition. 

7. On the 17th March, Mrs. A. was preparing for 
bed. She had dismissed her maid, and was sit- 
ting with her feet in hot water. Having an ex- 
ceUent memory, she had been thinking upon and 
repeating to herself a striking passage in the Edin- 
burgh Review, when, on raising her eyes, she saw 
seated in a large easy-chair before her the figure of 
a deceased friend, the si3ter of Mr. A. The figure 
was dressed, as had been usual with her, with great 
neatness, but in a gown of a peculiar kind, such as 
Mrs. A. had never seen her wear, but exactly such 
as had been described to her by a common friend 
as having been worn by Mr. A.'8 sister during her 
last visit to England. Mrs. A. paid particular at- 
tention to tlie dress, air, and appearance of the fig- 
ure^ which sat in an easy attitude in the chair, 
holding a handkerchief in one hand. Mrs. A. tried 
to speak to it, but experienced a difficulty in doing 
so, and in about three minutes the figure disap- 
peared. About a minute afterward, Mr. A. came 
into the room, and found Mrs. A. slightly nervous, 
but fully aware of the delusive nature of the appa- 
rition. She described it as having all the vivid 
colouring and apparent reality of life ; and for some 
hours peceding this and other visions, she expe- 
riencea a peci^ar sensation in her eyes, which 
seemed to be relieved when the vision had ceased. 

8. On the 5th October, between one and two 
o*cloek in the monung, Mr. A* Nr«& ^:q«cfu&\rs^li'^:!K^ 

E 
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A., who told him that she had>jii8t seen the figure 
of his deceased mother draw aside the bed curtains 
and appear between them. The dress and the look 
of the apparition were precisely those in which Mr. 
A.^s mother had been last seen by Mrs. A. at Paris 
in 1824. 

9. On the 11th October, when sitting in the 
drawing-room, on one side of the fire^ce, she 
saw the figure of another deceased friend moving 
towards her from the window at the farther end 
of the room. It approached the fireplace, and 
sat down in the chair opposite. As there were 
several persons in the room at the time, she de- 
scribes the idea uppermost in her mind to have been 
a fear lest they should be alarmed at her staring, 
in the way she was conscious of doing, at vacancy, 
and should fancy her intellect disordered. Under 
the influence of this fear, and recollecting a story 
of a similar effect in your work on Demonology, 
which she had lately read, she summoned up the 
requisite resolution to enable her to cross the space 
before the fireplace, and seat herself in the same 
chair with the fijpre. The apparition remained 
perfectly distinct till she sat down, as it were, in its 
lap, when it vanished. 

10. On the 26th of the same month, about two 
P. M. Mrs. A. was sitting in a chair by. the window 
in the same room with her husband. He heard her 
exclaim, '^ What have I seen !" And on looking at 
her, he observed a strange expression in her eyes 
and countenance. A carriage and foiu* had appeared 
to her to be driving up the entrance road to thi 
house. As it approached, she felt inclined to m 
up stairs to prepare to receive company, but, as i 
spell-bound, she was unable to move or speak. Th 
carriage approached, and as it arrived within a fe 
yards of the window, she saw the figures of tl 
postillions and the persons inside take the ffha«f 
appearance of skeletons and other hideous ngat 
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The whole then vanished entirely, when she uttered 
the above-mentioned exclamation. 

11. On the morning of the 30th October, when 
Mrs. A. was sitting in her own room vrith a favourite 
d6g in her lap, she distinctly saw the same dog mov- 
ing about the room during the space of about a min- 
ute or rather more. 

12. On the 3d December, about nine P. M. when 
Mr. and Mrs. A. were sitting near each other in the 
drawing-room occupied in reading, Mr. A. felt a 

gressure on his foot. On looking up, he observed 
Irs. A.'s eyes fixed with a strong and unnatural 
stare on a chair about nine or ten feet distant. 
Upon asking her what she saw, the expression of 
her countenance changed, and upon recovering her- 
self, she told Mr. A. that she had seen his brother, 
who was alive auid well at the moment in London, 
seated in the opposite chair, but dressed in grave- 
clothes, and with a ghastly countenance, as if scarcely 
alive. 

Such is a brief account of the various spectral 
illusions observed by Mrs. A. — ^In describing them I 
have used the very words employed by her husband 
in his communications to me on the subject ;* and 
the reader may be assiured that the descriptions are 
neither heightened by fancy, nor amplified by in- 
vention. The high character and intelligence of 
the lady, and the station of her husband in society, 
and as a man of learning and science, would authen- 
ticate the most marvellous narrative, and satisfy the 
most scrupulous mind, that the case has been philo- 
sophically as well as faithfully described. In nar- 
rating events which we regard as of a supernatural 
character, the miiid has a strong tendency to give 
more prominence to what appears to itself the most 
wonderM ; but from the very same cause, when we 

^SiHnhvrfh JSnemof ttf Sdmcet New SeiiM, No. iy. p. S16, 319; 
|I^7i.p.9M,tiidNo.flU.p.S61. ^ 
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describe extraordinary and inendicable phenomena 
which we believe to be the result of natural causes, 
the mind is prone to strip them of their most mar- 
vellous points, and bring them down to the level of 
ordinary events. From the very commencement 
of the spectral illusions seen by Mrs. A., both she 
and her husband were well aware of their nature 
and origin, and both of them paid the most minute 
attention to the circumstances which accompanied 
them, not only with the view of throwing light 
upon so curious a subject, but for the purpose of as* 
certaining their connexion with the state of health 
under winch they appeared. 

As the spectres seen by Nicolai and others had 
their origin in bodily indisposition, it becomes in- 
teresting to learn the state of Mrs. A.^s health when 
she was under the influence of these illusions. Du- 
ring the six weeks witlun which the three first 
illusions took place, she had been considerably re- 
duced and weakened by a troublesome cough, and 
the weakness which this occasioned was increased 
by her beinff prevented from taking a daily tonic. 
Her general health had not been strong, and long 
experience has put it beyond a doubt, that her in- 
disposition arises from a disordered state of the di- 
gestive organs. Mrs. A. has naturally a morbidly 
sensitive imagination, which so painfully affects her 
corporeal impressions, that the account of any per- 
son having suffered severe pain by accident or 
otherwise occasionally produces acute twinges of 
pain in the corresponding parts of her person. The 
account, for example, of the amputation of an arm 
will produce an instantaneous and severe sense of 
pain in her own arm. She is subject to talk in her 
sleep with great fluency, to repeat long passages 
of poetry, particularly when she is unwell, and 
even to cap verses for half an hour together, nev«r 
failing to quote lines beginning with the final letter 
of the preceding one till her memory is exhausted. 
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Although it is not probable that we shall ever be 
able to understand the actual manner in which a 
person of sound mind beholds spectral apparitions 
m the broad hght of day, yet we may arrive at such 
a degree of knowledge on the subject as to satisfy 
rational curiosity, and to strip the phenomena of 
every attribute of the marvellous. Even the vision 
of natural objects presents to us insurmountable 
difficulties, if we seek to understand the precise part 
which the mind performs in perceiving them ; but 
the philosopher considers that he has given a satis- 
factory explanation of vision when he demonstrates 
that distinct pictures of external objects are painted 
on the retina, and that this membrane communicates 
with the brain by means of nerves of the same sub- 
stance as itself, and of which it is merely an expan- 
sion. Here we reach the gulf which human intelli- 
gence cannot pass ; and if the presumptuous mind of 
man shall dare to extend its speculations further, it 
will do it only to evince its incapacity and mortify 
its pride. 

In his admirable work on this subject,' Dr. Hib- 
bert has shown that spectral apparitions are nothing 
more than ideas or the recollected images of the 
mind, which in certain states of bodily indusposition 
have been rendered more vivid than actual impres- 
sions ; or to use other words, that the pictures in the 
" ipind's eye" are more vivid than the pictures in 
the body's eye. This principle has been placed by 
Dr. Hibbert beyond the reach of doubt ; but I pro- 
pose to go much further, and to show that the 
" mind's eye" is actually the body's eye, and that 
the retina is the common tablet on which both 
classes of impressions are painted, and by means of 
which they receive their visual existence according 
to the same optical laws. Nor is this true merely 
in the case of spectral illusions : it holds good of aU 
ideas recalled hy the memory or created by th« 

E3 
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imagination, and may be regarded as a fundamental 
law in the science of pneumatology. 

It would be out of place in a work like this to 
adduce the experimental evidence on which it rests, 
or even to explain the manner in which the expe^ 
riments themselves mnst be conducted ; but I may 
state in general, that the spectres conjured up by 
the memory or the fancy have always a '* local 
habitation," and that they appear in front of the eye, 
and partake in its movements exactly hke the un- 
pressions of luminous objects after the objects theb 
selves are withdrawn. 

In the healthy state of the mind and body, the re« 
lative intensity of these two classes of impressions 
on the retina are nicely adjusted. The mental pic« 
tures are transient and comparatively feeble, and in 
ordinary temperaments are never capable of disturb- 
ing or effing the direct images of visible objects. 
The affairs of life could not be carried on 'i the 
memory were to intrude bright representations of 
the past into the domestic scene, or scatter them 
over the external landsca];)e. The two opposite im- 
pressions, indeed, could not co-exist : the same ner- 
vous fibre which is carrying from the brain to the 
retina the figures of memory, could not at the same 
instimt be carrying back the impressions of external 
objects from the retina to the brain. The mind can- 
not perform two different functions at the same in- 
stant, and the direction of its attention to one of 
the two classes of impressions necessarily produces 
the extinction of the other : but so rapid is the ex- 
ercise of mental power that the alternate appear- 
ance and disappearance of the two contending im- 
pressions is no more recognised than the successive 
observations of external objects during the twinkling 
of the eyelids. If we look, for example, at the 
fagade of St. Paul's, and, without changing our 
position, call to the mind the celebrated view of 
Mont Blanc from {iyons, the picture of the cathedral, 
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tiiongli actually impressed upon the retina, is mo- 
mentarily lost sight of by the mind, exactly like an 
object seen by indirect vision ; and during the in- 
fltant the recollected image of the mountain, tower- 
ing oyer the subjacent ran^, is distinctly seen, but 
in a tone of subdued colouring and indistinct outline. 
When the purpose of its recall is answered, it quickly 
disappears, and the picture of the cathedral again 
resumes the ascendency. 

In darkness and solitude, when external objects 
nor longer interfere with the pictures of the mindf 
ttiey become more vivid and distinct ; and in the 
state between waking and sleeping, the intensity of 
the impressions approaches to that of visible ob- 
jects. With persons of studious habits, who are 
much occupied with the operations of their own 
minds, the mental pictures are much more distinct 
than in ordinary persons ; and in the midst of ab- 
stract thought, external objects even cease to make 
any impression on the retina. A philosopher ab- 
sorbed m his contemplations experiences a tempo- 
rary privation of the use of his senses. His chil- 
dren or his servants will enter the room directlv 
before his eyes without being seen. They will 
speak to him without being heard ; and they will 
even try to rouse him from his revery without be- 
ing felt ; although his eyes, his ears, and his nerves, 
actually receive the impressions of light, sound, and 
touch. In such cases, however, the philosopher is 
voluntarily pursuing a train of thought on which his 
mind is deeply interested ; but even ordinary men, 
not much addicted to speculations of any kind, of- 
ten perceive in their mind's eye the pictures of de- 
ceasied or absent friends, or even ludicrous creations 
of fancy, which have no connexion whatever with 
the train of their thoughts. Like spectral appari- 
tions they are entirely voluntary, and though they 
may hay« tpnmg from a regular series of aasodar 
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tions, yet it is frequently impossible to discorer a 
single link in the chain. 

If it be true, then, that the pictures of the mind 
and spectral illusions are e(]uall3r impressions upon 
the retina, the latter will differ in no respect from 
the former, but in the degree of vividness with 
which they are seen ; and those friffhtftil apparitions 
become nothinjf more than our ordinary ideas, ren- 
dered more brilliant by some accidental and tem- 
porary derangement of the vital functions. Their 
very vividness too, which is their only character- 
istic, is capable of explanation. I have already 
shown that the retina is rendered more sensible to 
light by voluntary local pressure, as well as by the 
involuntary pressure of the blood-vessels behind it ; 
and if, by looking at the sun, we impress upon the 
retina a coloured image of that lummary, which is 
seen even when tiie eye is shut, we may by pres- 
sure alter the colour of that image, in consequence 
of having increased the sensibifity of that part of 
the retina on which it is impressed. Hence we 
may readily understand how the vividness of the 
mental pictures must be increased by analogous 
causes. 

In the case both of Nicolai and Mrs. A. the im- 
mediate cause of the spectres was a deranged action 
of the stomach. When such a derangement is in- 
duced by poison, or by substances which act as poi- 
sons, the retina is peculiarly affected, and the phe- 
nomena of vision singularly changed. Dr. Patomllet 
has described the case of a family of nine persons 
who were all driven mad by eating the root of the 
Hyoscyamus niger or black henbane. One of them 
leaped, into a pond. Another exclaimed that his 
neighbour would lose a cow in a month, and a third 
vociferated that the crown piece of sixty pence 
would in a short time rise to five livres. On the 
following day they had all recovered their senses, but 
recollected nothing of what had happened. 6n the 
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same day they all saw objects double, and, what is 
still more remarkable, on the third day every object 
appeared to them as red as scarlet. Now this red 
light was probably nothing more than the red phos- 
phorescence produced by the pressure of the blood- 
vessels on the retina, and anadogoos to the masses 
of KuCf green, yellow, and red light, which have been 
atready mentioned as produced by a similar pressure 
in headaches, arising from a disordered state of the 
dimtive organs. 

Were we to analyze the various phenomena of 
•pectral iUusions, we should discover many circum- 
stances favourable to these views. In those seen 
by Nicolai, the individual figures were alwa3rs 
somewhat paler than natural objects. They some- 
times grew more and more indistinct, and became 
perfecSv white ; and, to use his own words, " he 
could always distinguish with the greatest preci- 
sion phantasms from phenomena." Nicolai some- 
times saw the spectres when his eyes were shut, 
and sometimes they were thus made to disappear,-^ 
effects perfectly identical with those which arise 
from the impressions of very luminous objects. 
Sometimes the figures vanished entirely, and at 
other times only pieces of them disappeared, ex- 
actly conformable to what takes place with objects 
seen by indirect vision, which most of those figures 
must necessarily have been. 

Among the peculiarities of spectral illusions there 
is one ^ich merits particular: attention ; namely, 
that they seem to cover or conceal objects imme- 
diately beyond them. It is this circumstance more 
than any other which gives them the character of 
reality, and at first sight it seems difficult of ex- 
planation. The distinctness of any impression on 
the retina is entirely independent of the accommo- 
dation of the eye to the distinct vision of external 
objects. When the eye is at rest, and is not ac- 
commodated to objects at any particular distance^ 
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it is iH a state for seeing distant objects most per- 
fectly. When a distinct spectral impression, there- 
fore, is before it, all other objects in its vicinity 
w^ be seen indistinctly, for while the eye is en- 
grossed with the vision, it is not likely to accom- 
modate itsdf to any other object in the same di- 
rection. It is quite common, too, for the eve to 
see only one of two objects actually presented to 
it A sportsman who has been in the practice of 
shootinj^ with both his eyes open, actiudly sees a 
double unage of the mu^e of his fowling-piece, 
though it is only with one of these images that he 
covers his game, having no perception whatever 
of the other. ]&t there is still another principle 
upon which only one of two objects may be seen 
at a time. If we look very steadily and continu- 
ously at a double pattern, such as those on a carpet 
composed of two smgle patterns of different colours, 
suppose red and yeUow, — and if we direct the mind 
particularly to the contemplation of the red one, 
the green pattern wiU sometimes vanish entirely, 
leaving the red one alone visible, and by the same 
process the red one may be made to disappear. 
In this case, however, the two patterns, like the 
two images, may be seen together ; but if the very 
same portion of the retina is excited by the direct 
rays of an external object, when it is excited by a 
mental impression, it can no more see them both 
at the same time than a vibrating string can give 
out two different fundamental sounds. It is quite 
possible, however, that the brightest parts of a 
spectnd figure may be distinctly seen along with 
the brightest parts of an object immediately behind 
it, but then the bright parts of each object will fall 
upon different parts of the retina. 

These views are illustrated by a case mentioned 
by Dr. Abercrombie. A gentleman, who was a 
patient of his, of an irritable habit, and liable to a 
variety of uneasy sensations in his head, was sit* 
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ting alone in his dining-room in the twilight, when 
the door of the room was a little open. He saw 
distinctly a female figure enter, wrapped in a man- 
tle, with the face concealed hy a large hlack bon- 
net. She seemed to advance a few steps towards 
him, and then stoj). He had a full conviction that 
the fiffure was an illusion of vision, and he amused 
himself for some time by watchinff it ; at the same 
time observing that he could sea mrooghthe figure 
80 as to perceive the lodl^ of the door, and other 
objects behind It.* 

, If these views be correct the phenomena of spectral 
apparitions are stripped of all their terror, whether 
wa view them in their supernatural character, or 
as indications of bodily mdisposition. Nicolai, 
even, in whose case they were accompanied with 
alarming symptoms, derived pleasure from the con- 
templation of them, and he not only recovered from 
the complaint in which they originated, but sur- 
vived them for many years. — ^Mrs. A., too, who 
sees them only at distant intervals, and with whom 
they have but a fleeting existence, will, we trust, 
soon lose her exclusive privilege, when the slight 
indisposition which gives them birth has subsided. 

* MlngniriM ooneerninK the Intellectual Fowen, and the Inveatigar 
tkm of Truth." [No. xxx^ii. Family Library.] 
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LETTER IV. 

Science used tm an Iiiatniineiit of Iiinwrt i ut P iectptlom wtfli yfm* 
and concaTO MirvGNTft iMrsctwed by ttie Andnit*— The M agieuui** Mir* 
ror—EflTectt of oonrave Mirrors— Afirial Ima fca I mages oo Mnoke^ 
Combination of Mirroni for produeknir PletarM fltm Irrfaif Ob j e tta 
The myaferkma. Differ— Ancient Minielea wttli coneave llinara— 
Modem Necrcmancy X9¥k itnm^jm seen by Cellini— Deacripcioa and 
Eflbeta of tke Magic Lantern— Improvementa opoo it— Ptmntaama* 
gtnic ExhlbUiona of Philipetal and mbers— Dr: Toang^ AnwifaiMBi 
oT Lenaea. Ac, for the Ptaaiitaamagoria— ImproTeme|tta aoggeatii 
Caiadioptrical Phantamnagorfa for produrinfr the Picttftea fhnn litinf 
Objecte— Method of ciiuing off Parts of the Figurea— Klrebei^ myete- 
rinua Handwriting on the Wall— Hia boUow cylindrical Mirror far 
atrial Images — Cylindrical Mirror for reforming distorted Pictore a ■ 
Mirrors of variable Curvature for prodaclng Cancainrea 

In the preceding observations man appears as the 
victim of his own delusions — as the magician un- 
able to exorcise the spirits which he has himself 
called into being. We shall now see him the dupe 
of preconcerted imposture — ^the slave of his own 
ignorance — ^the prostrate vassal of power and su- 
perstition. I have already stated that the mon- 
archs and priests of ancient times carried on a sys- 
tematic plan of imposing upon their subjects, — a 
mode of government which was in perfect accord-, 
ance with their religious belief: but it will scarcely 
be believed that the same delusions were practised 
after the establishment of Christianity, and that 
even the Catholic sanctuary was often the seat of 
these unhallowed machinations. Nor was it merely 
the low and cunning priest who thus sought to ex- 
tort money and respect from the most ignorant of 
his flock: bishops and pontiffs themselves wielded 
the magician's wand over the diadems of kings and 
emperors ; and, by the pretended exhibition of su- 
pernatural power, made the mightiest potentates 
of Europe tremble upon their thrones. It was the 
light of science alone which dispelled this moral 
and intellectual darkness, and it is entirely in con- 
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sequence of its wide diffVision that we live in times 
when sovereigns seek to reign only through the 
affections of their people, and when the minister 
of religion asks no other reverence hut that which 
is inspired hy the sanctity of his office and the 
purity of his character. 

It was fortunate for the human race that the 
scanty knowledge of former ages afforded so few 
elements of deception. What a tremendous engine 
would have heen narked agitinst our species h^ 
the varied and powerful machinery of ttiodem sci- 
ence! Man would still have worn the l^hackles 
wMch it forged, and his nohle spirit would still 
have groaned beneath its fatal pressure. 

There can be httle doubt that the most common 
as well as the most successful impositions of the 
ancients were of an optical nature, and were prac- 
tised by means of plane and concave mirrors. It 
has been clearly shown by various writers that the 
ancients made use of mirrors of steel, silver, and 
a composition of copper and tin, Uke those now 
used for reflecting specula. It is also very proba- 
ble, from a passage in Plin^, that glass mirrors 
were made at Sidon ; but it is evident that, unless 
the object presented to them was illuminated in a 
very high degree, the images which they formed 
must have been very faint and unsatisfactory. The 
silver mirrors, therefore, which were universally 
used, and which are superior to those made of any 
other metal, are likely to have been most generally 
employed by the ancient magicians. They were 
made to give multiplied and inverted images of ob- 
jects ; that is, they were plane, polygonal or many- 
sided, and concave. There is one property, how- 
ever, mentioned by Aulus GreUius, which has given 
unnecessary perplexity to commentators. He states 
that there were specula which, when put in a par- 
ticular place, gave no images of objects, but when 
carried to another plaee recovered their property 

P 
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of reflection.* M. Salverte is of opinion that in 
quoting Varro, Aulus Grellins was not sufficiently 
acquainted with the subject, and erred in supposing 
that the phenomenon depended on the place inst^id 
of the position of the mirror ; but this criticism is 
obviously made with the view of supporting an 
opinion of his own, that the property m question 
may be analogous to the phenomenon of polarised 
light, which at a certain angle refuses to suffer re- 
flexion from particular bomes. If this idea has 
any foundation, the mirror must have been of glass, 
or some other body not metallic ; or, to speak 
more correctly, there must have been two such 
mirrors, so nicely adjusted, not only to one another, 
but to the light incident upon each, that the efifect 
could not possibly be produced but by a philosopher 
thoroughly acquainted with the modem discovery 
of the polarisation of light by reflexion. Without 
seeking for so profound an explanation of the phe- 
nomenon, we may readily understand how a silver 
mirror may instantly lose its reflecting power in a 
damp atmosphere, in consequence of the precipita- 
tion of moisture upon its surface, and may imme- 
diately recover it when transported into drier air. 
One of the simplest instruments of optical decep- 
tion is the plane mirror, and when two are com- 
bined for this purpose it has been called the magi- 
cian^s mirror. An observer in front of a plane 
mirror sees a diiitinct image of himself; but if two 
persons take up a mirror, and if the one person is 
as much to one side of a line perpendicular to the 
middle of it as the other is to the other side, they 
will see each other, but not themselves. If we now 
suppose MC, CD, NC,^ CD to be the partitions of 
two adjacent apartments, let square openings be 
made in the partitions at A and B, about five feet 
above the floor, and let them be filled with plate 

* " Vt speculum in loco certQ posUtan nihil imaginet ; alionum 
translatumfaeiai tmofmra .**— Aul. 0«L Noot. Attic Ub. rrl cap. 18L 
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dass, and surrounded with a picture-frame, so as to 
nave the appearance of two mirrors. Place two 
mirrors E, F, one behind each opening at A and B, 




-••■ 




inclined 45° to the partition MN, and so large that a 
person looking into the plates of glass at A and B 
will not see their edges. When this is done, it is 
obvious that a person looking into the mirror A will 
not see himself, but will see any person or fi^e 
placed at B. If he believes that he is looking mto 
a common mirror at A, his astonishment will be great 
at seeing himself transformed into another person, 
or into any living animal that may be placed at B. 
The success of ttiis deception would be greatly in- 
creased if a plane mirror suspended by a pully could 
be brought immediately behind the plane glass at A, 
and drawn up from it at pleasure. The spectator 
at A, having previously seen himself in this move- 
able mirror, would be still more astonished when he 
afterward perceived in the same place a face dif- 
ferent from his own. By drawing the moveable 
mirror half up, the spectator at A might see half of 
his own face Joined to half of the face placed at B ; 
Imt in the present day the most ignorant persons are 
■e familiar with the properties of a looking-glass 
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that it would be very difficult to employ this kind of 
deception with the same success which must have 
attended it in a more illiterate age. The opticsd 
reader will easily see that the mirror F and the 
apartment NCD are not absolutely necessary for 
carrying on this deception ; for the very same effects 
will be produced if the person at B is stationed at 
G, and looks towards the mirror F in the direction 
GF. As the mirror F, however, must be placed as 
near to A as possiUe, the person at G would be too 
near the partition CN, unless the mirror F was ex- 
tremely large. 

The effect of this and every similar deception fH 
greatly increased when the persons are illuminated 
with a strong light, and the rest of the apartment 
as dark as possible ; but whatever precautions are 
taken, and however skilfully plane mirrors are com- 
bined, it is not easy to produce with them any very 
successful illusions. 

The concave mirror is the staple ipstniment of 
the magician^s cabinet, and must always perform a 
principal part in all optical combinations. In ordei' 
to be quite perfect, every concave mirror should 
have its surface elliptical, so that if any object is 
placed in one focus of the ellipse, an inverted image 
of it will be formed in the other focus. This image, 
to a spectator rightly placed, appears suspended in 
the air, so that if the mirror ana the object are hid 
from his view, the effect must appear to him almost 
supernatural. 

The method of exhibiting the effect of concave 
mirrors most advantageously is shown in Fig. 4, 
where CD is the partition of a room having in it a 
square opening £F, the centre of which is about 
^ve feet above the floor. This opening mi^ht be 
surrounded with a picture-frame, and a painting 
which exactly filled it might be so connect^ with a 
pulley that it could be either slipped aside, or raised 
30 as to leave the frame empty. A lar^e concvre 
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tniiTor MN is then placed in another apartment, so 
that when any object is placed at A, a distinct image 
of it may be formed in the centre of the opening EF. 




Let ns mppose this object to be a plaster cast of 
any object made as white as possible, and placed 
in an inverted position at A. A strong light should 
then be thrown upon it by a powerful lamp, the 
rays of which ai* {B«vent«d from reaching the 
opening EF. When this is done, a spectator placed 
at O w]U see an erect image of the statue at B the 
centre of the opening — standing in the air, and dif- 
fering from the real statue only in being a little 
larger, while the apparition will be whoDy inTisible 
to other spectators placed at a little distance on each " 
■ids of him. 

If the opening EF is filled with smoke rising 
«itlier from a chafing-dish, in which incense is burnt, 
or made to issue in clouds from some opening be- 
low, the image will appear in the middle of the 
smt^ depicted upon it aa upon a ground, and capa- 
ble of being seen by those spectators who could 
not see the image in the air. The rays of light, in 
jiUce of proceeding without obstruction to an eye 
Fa 
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at 0, are reflected, as it were, from those minute 
particles of which the smoke is composed, in the 
same manner as a beam of light is rendered more 
visible by passing through an apartment filled with 
dust or smoke. 

It has long been a favourite experiment to place 
at A a white and strongly illuminated human scull, 
and to exhibit an image of it amid the smoke of a 
chafing-dish at B ; but a more terrific effect would 
be produced if a small skelettm, suspended by in- 
visible wires, were placed as an object at A. Its 
image suspended in the air at B, or painted upon 
smoke, could not fail to astonish the spectator. 

The difficulty of placing a living person in an 
inverted position, as an object at A, nas no doubt 
prevented the optical conjurer from availing him- 
self of so admirable a resource ; but this difficulty 
may be removed by employing a second concave 
mirror. This second mirror must be so placed as 
to reflect towards MN the rays proceeding from an 
erect Uving object, and to form an inverted image 
of this object at A. An erect image of this inverted 
image will then be formed at B, either suspended 
in the air or depicted upon a wreath of smoke. This 
aerial image will exhibit the precise form and col- 
ours and movements of the living object, and it will 
maintain its character as an apparition if any attempt 
is made by the spectator to grasp its unsubstantial 
fabric. 

A deception of an alarming kind, called the mys- 
teriotcs dagger, has been long a favourite exhibition. 
If a person with a drawn and highly polished dagger, 
illuminated by a strong light, stands a little farther 
from a concave mirror than its principal focus, he 
will perceive in the air between himself and the 
mirror, an inverted and diminished image of his 
own person with the dagger similarly brandished : 
if he aims the dagger at the centre of the mirror's 
concavity, the two da^^gers will meet povaX to point, 
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and, by poshing it still farther from him towards 
the mirror, the imaginary dagger will strike at his 
heart. In this case it is necessary that the direc- 
tion of the real dagger coincides with a diameter 
of the sphere of which the mirror is a part ; but if 
its direction is on one side of that diameter, the 
direction of the imaginary dagger will be as far on 
the other side of the diameter, and the latter will 
aim a blow at any person who is placed in the 
proper position for receiving it. If the person who 
bears the real dagger is therefore placed behind a 
(screen, or otherwise concealed from the view of 
the ■pectatoi' who is made to approach to the place 
of the image, the thrust of the polished steel at his 
breast will not fail to produce a powerful impres- 
sion. The effect of this expenment would no 
doubt b«e inereased by covering with black cloth the 
person who holds the dagger, so that the ima^e of 
tiis hand only should be seen, as the inverted pic- 
ture of him would take away from the reality of 
the appearance. By using two mirrors, indeed, this 
defect might be remedied, and the spectator would 
witness an exact image of the assassin aiming the 
dagger at his life. 

The common way of making this experiment is 
to place a basket of fruit above the dagger, so that 
a distinct aerial image of the fruit is formed in the 
focus of tiie mirror. The spectator, having been 
desired to take some fruit from the basket, ap 
proaches for that purpose, while a person properly 
concealed withdraws the real basket of fruit with 
one hand, and with the other advances the dagger, 
the image of which, being no longer covered by 
the fruit, strikes at the body of the astonished spec- 
tator. 

The powers of the concave mirror have been like- 
wise displayed in exhibiting the apparition of an ab- 
sent or deceased friend. For this purpose a strongly 
illuminated bu9t or picture of the ^xw^\i vi^ ^^^^kk^ 
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before the concave mirror, and a distinct image of 
the picture will be seen either in the air or among 
smoke in the manner already described. If the 
background of the picture is temporanly covered 
with lamp-black, so that there is no light about the 

Eicture but what falls upon the figure, the effect will 
e more complete. 

As in all experiments with concave mirrors, the 
size of the aenal image is to that of the real object 
as their distances from the mirror, we may, by vary- 
ing the distance of the object, increase or duninish 
the size of the image. In doing tMs, however, ihi^ 
distance of the image from the mirror is atiSie^aJaae 
time changed, so that it would quit the place most 
suitable for its exhibition. This defect may be re- 
moved by simultaneously changing the place both 
of the mirror and the object, so that the miage may 
remain stationary, expanding itself from a luminous 
spot to a gigantic size, and again passing through aU 
intermediate magnitudes, till it vanishes in a cloud 
of light. 

Those who have studied the effects of concave 
mirrors of a small size, and without the precautions 
necessary to ensure deception, cannot form any idea 
of the magical effect produced by this class of op^- 
tical apparitions. When the instruments of illusion 
are themselves concealed, — when all extraneous 
lights but those which illuminate the real object are 
excluded, — when the mirrors are large and well 
polished and truly formed, — the effect of the repre- 
sentation on ignorant minds is altogether overpower- 
ing, while even those who know the deception, and 
perfectly understand its principles, are not a little 
surprised at its effects. The inferiority in the effects 
of a common concave mirror to that of a well ar- 
ranged exhibition is greater even than that of a 
perspective picture hanging in an apartment, to the 
same picture exhibited under all the imposing ao- 
compahiments of a dioramic representation. 
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It can scarcely be doubted, that a concave mirror 
was the principal instrument by which the heathen 
gods were made to appear in the ancient temples. 
In the imperfect accounts which have reached us 
of these apparitions, we can trace all the elements 
of an optical illusion. In the ancient temple of 
Hercules at Tyre, Pliny mentions that there was a 
seat made of a consecrated stone, " from which the 
gods easily rose." Esculapius often exhibited him- 
self to his worshn|)ers in his temple at Tarsus; 
and the temple of j^guinum in Sicily was celebrated 
as the place wh^re uie goddesses exhibited them- 
selre^iajiMrtals. Jamblichus actually informs us, 
that the ancient magicians caused the gods to appear 
among the vs^[)ours disengaged from fire ; and when 
the conjurer Maximus terrified his audience by 
making the statue of Hecate lau^h, while in the 
middle of the smoke of burning mcense, he was 
obviously dealing with the image of a living object 
dressed m the costume of the sorceress. 

The character of these exhibitions in the ancient 
temples is so admirably depicted in the following 
passage of Damascius, quoted by M. Salverte, that 
we recognise all the optical effects which have been 
already described. " In a manifestation," says he, 
''which ought not to be revealed there ap- 
peared on the wall of the temple a mass of lignt 
which at first seemed to be veiy remote ; it trans- 
formed itself, in coming nearer, into a face evi- 
dentl^r divine and supernatural, of a severe aspect, 
but mixed with gentleness, and extremely beautiful. 
According to the institutions of a mysterious re- 
ligion the Alexandrians honoured it as Osiris and 
i^onis." 

Among more modem examples of this illusion, 
we may mention the case of tne Emperor Basil of 
Macedonia. Inconsolable at the loss of his son, 
this sovereign had recourse to the prayers of the 
pontiff The^ore Santabaren, who was celebrated 
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for his power of working miracles. The ecclesias- 
tical conjurer exhibited to him the image of his be- 
loved son magnificently dressed and mounted upon 
a superb charger: the youth rushed towards his 
father, threw lumself into his arms, and disappeared. 
M. Salverte judiciously observes, that this deception 
could not have been performed by a real person, 
who imitated the figure of the young prince. The 
existence of this person, betrayed by so remarkable 
a resemblance, and by the trick of the exhibition, 
could not fail to have been discov^ied and denounced, 
even if we could explain how the 'von coidd be so 
instantaneously disentangled from hts^ftthM^v^effti- 
brace. The emperor, in short, saw the aerial image 
of a picture of his son on horseback, and as the 
picture was brought nearer the mirror, the image 
advanced into his arms, when it of course eluded 
his affectionate grasp. 

These and other allusions to the operations of the 
ancient ms^c, though sufficiently indicative of the 
methods which were employed, are too meager to 
convey any idea of the splendid and imposing ex- 
hibitions which must have been displayed. A nar 
tional system of deception, intendea as an instru- 
ment of government, must have brought into requi- 
sition, not merely the scientific skill of the age, but 
a variety of sul^idiary contrivances, calculated to 
astonish the beholder, to confound his judgment, to 
dazzle his senses, and to give a predominant influ- 
ence to the peculiar imposture which it was thought 
desirable to establish. The grandeur of the means 
may be inferred from their efficacy, and from the 
extent of their influence. 

This defect, however, is to a certain degree sup- 
plied by an account of a modem necromancy, which 
has been loft us by the celebrated Benvenuto Cel- 
lini, and in which he himself performed an active 
part. 

^ It happened," says he, " through a variety of odd 



MODERN NECROXANCT. 71 

accidents, that I made acquaintance with a Sicilian 
priest, who was a man of genius, and well versed 
m the Latin and Greek authors. Happening one 
day to have some conversation with him, when the 
subject turned upon the art of necromancy, I, who 
had a great desire to know something of the matter, 
told him that I had all my life felt a curiosity to be 
acquainted with the mysteries of this art. 

" The priest made answer, * That the man must 
be of a resolute and steady temper who enters upon 
that study.* I replied, * that I ha!d fortitude and reso- 
lution enough, if 1 could but find an opportunity.' 
The priest subjoined, * If you think you have the 
heart to venture, 1 will give you all the satisfaction 
you can desire.' Thus we agreed to enter upon a 
plan of necromancy. The priest one evening pre- 
pared to satisfy me, and desired me to look out for 
a companion or two. I invited one Vincenzio Ro- 
moli, who was my intimate acquaintance : he brought 
with him a native of Pistoia, who cultivated the 
black art himself. We repaired to the Colosseo, 
and the priest, according to the custom of necro- 
mancers, began to draw circles upon the ground, with 
the most impressive ceremonies imaginable : he like- 
wise brought hither asafcetida, several precious per- 
fumes, and fire, with some compositions also, which 
diflus^ noisome odours. As soon as he was in 
readiness he made an opening to the circle, and hav- 
ing taken us by the hand, ordered the other necro- 
mancer, his partner, to throw the perfumes into the 
fire at a proper time, intrusting the care of the fire 
and perfumes to the rest ; and thus he began his in- 
cantations. This ceremony lasted above an hour 
and a half, when there appeared several legions of 
devils, insomuch that the amphitheatre was quite 
filled with them. I was busy about the perfumes, 
when the priest, perceiving there was a considerable 
number of infernal spirits, turned to me and said, 
. ^Benvenuto, ask them something.' I answered, ' Let 
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them bring me into the company of my Sicilian mis- 
tress Angelica.' That night he obtained no answer 
of any sort ; but I had received great satisfaction in 
having my curiosity so far indulged. The necro- 
mancer told me it was requisite we should go a 
second time, assuring me that I should be satisfied 
in whatever I asked ; but that I must bring with me 
a pure immaculate boy. 

" I took with me a youth who was in my service, 
of about twelve years of age, together with the same 
Vincenzio Romoli, who hSl been my companion the 
first time, and one Affiiolino Gaddi, an intimate ac- 
quaintance, whom I likewise prevailed on to assist 
at the ceremony. When we came to the place ap- 
pointed, the priest, havinp: made his preparations as 
hefore, with the same and even more striking cere- 
monies, placed us within the circle, which he had 
likewise drawn with a more wonderful art, and in a 
more solemn maimer than at our former meeting. 
Tlius, having committed the care of the perfumes 
Jmd the fire to my friend Vincenzio, who was assisted 
by Agnolino Gaddi, he put into my hand apintaculo 
or magical chart, and bade me turn it towards the 
places that he should direct me ; and under the pin- 
taculo I held the boy. The necromancer, having 
begun to make his tremendous invocations, called 
by their names a multitude of demons who were the 
leaders of the several legions, and questioned them, 
by the power of the eternal uncreated God, who 
lives for ever, in the Hebrew language, as likewise 
in Latin and Greek ; insomuch that the amphitheatre 
was almost in an instant filled with demons more nu- 
merous than at the former conjuration. Vincenzio 
Romoli was busied in making a fire, with the as- 
sistance of Agnolino, and burning a great quantity 
of precious perfumes. I, by the directions of the 
necromancer, again desired to be in the company 
of my Angelica. The former thereupon turning to 
me, said, * Know, they have declared that in th« 
space of a month you shall be in her company.' 



MODERN NECROMANCY. 73 

" He thus requested me to stand resolutely by 
him, because the legions were now above a thousand 
more in number than he had designed ; and besides, 
these were the most dangerous ; so that, after they 
had answered my question, it behooved him to be 
civil to them, and dismiss them quietly. At the 
same time the boy under the pintaculo was in a 
terrible fright, saying that there were in that place 
a million of fierce men, who threatened to destroy 
us ; and that moreover, four armed giants of enor- 
mous stature were endeavouring to break into our 
circle. During this time, while the necromancer, 
trembling with fear, endeavoured by mild and gentle 
methods to dismiss them in the best way he could, 
Vincenzio Romoli, who quivered like an aspen leaf, 
took care of the perfumes. Though I was as much 
terrified as any of them, I did my utmost to conceal 
the terror I felt ; so that I greatly contributed to 
inspire the rest with resolution ; but the truth is, I 
gave myself over for a dead man, seeing the horrid 
fright the necromancer was in. The boy placed 
his head between his knees and said, * In this posture 
will I die ; for we shall all surely perish.' I told him 
that all these demons were under us, and what he 
saw was smoke and shadow ; so bade him hold up 
his head and take courage. No sooner did he look 
up than he cried out, ' The whole amphitheatre is 
burning, and the fire is just falling upon us.' So 
covering his eyes with his hands, he again exclaimed, 
* that destruction was inevitable, and desired to see 
no more.' The necromancer entreated me to have a 
good heart, and take care to bum proper perfumes ; 
upon which I turned to Romoli, and bade him bum 
all the most precious perfumes he had. At the same 
time, I cast my eye upon Agnolino Gaddi, who was 
terrified to such a degree that he could scarce dis- 
tinguish objects, and seemed to be half-dead. See- 
ing him in this condition, I said, ' Affnolino, upon 
these occasions a man should not yield to fear, but 

O 
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should stir about and give his assistance ; so come 
directly and put on some more of these.' The ef- 
fects of poor Agnolino's fear were overpowering. 
The boy, hearing a crepitation, ventured once more 
to raise his head, when, seeing me laugh, he began 
to take courage, and said, * That the devifi were flying 
away with a vengeance.' 

" In this condition we staid till the bell rang for 
morning prayers. The boy again told us that there 
remained but few devils, and these were at a great 
distance. When the magician had performed the 
rest of his ceremonies, he stripped off his gown, and 
took up a wallet full oif books which he had brought 
with him. 

" We all went out of the circle together, keeping 
as close to each other as we possibly could, espe- 
cially the boy, who had placed himself in the middle, 
holding the necromancer by the coat, and me by 
the cloak. As we were going to our houses in the 
quarter of Banchi, the boy told us that two of the 
demons whom we had seen at the amphitheatre 
went on before us leaping and skipping, sometimes 
running upon the roofs of the houses, and some- 
times upon the ground. The priest declared, that 
though he had often entered magic circles, nothing 
so extraordinary had ever happened to him. As 
we went along, he would fain persuade me to assist 
with him at consecrating a brook from which, he 
said, we should derive immense riches ; we should 
then ask the demons to discover to us the various 
treasures vnth which the earth abounds, which 
would raise us to opulence and power ; but that 
these love affairs were mere follies, from whence 
no good could be expected. I answered, * That I 
would readily have accepted his proposal, if I un- 
derstood Latin.' He redoubled his persuasions, 
assuring me that the knowledge of the Latin lan- 
guage was by no means material. He added, that 
he could have Latin scholars enough if he had 
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thought it worth while to look out for them, but 
that he could never have met with a partner of reso- 
lution and intrepidity equal to mine, and that I 
should by all means follow his advice. While we 
were engaged in this conversation, we arrived at 
our respective houses, and all that night dreamed 
of nothing but devils." 

It is impossible to peruse the preceding descripy- 
tion without being satisfied that the legions of devils 
were not produced by any influence upon the ima- 
ginations of the spectators, but were actual optical 
phantasms, or the images of pictures or objects 
produced by one or more concave mirrors or lenses. 
A fire is lighted, and perfumes and incense are burnt, 
in order to create a ground for the images, and the 
beholders are rigidly confined within the pale of 
the magic circle. The concave mirror and the ob- 
jects presented to it having been so placed that 
the persons within the circle could not see the 
aerial image of the objects by the rays directly re- 
flected from the mirror, the work of deception waft 
ready to begin. The attendance of the magician 
upon his mirror was by no means necessary. He 
took his place along with the spectators within the 
magic circle. The images of the devils were all 
distinctly formed in the air immediately above the 
fire, but none of them could be seen by those 
within the circle. The moment, however, that per- 
fumes were thrown into the fire to produce smoke, 
the first wreath of smoke, that rose through the 
place of one or more of the images, would reflect 
them to the eyes of the spectator, and they could 
again disappear if the wreath was not followed by 
another. More and more images would be ren- 
dered visible as new wreaths of smoke arose, and 
the whole group would appear at once when the 
smoke was uniformly diffused over the place occu- 
pied by the images. 

The " composition which difR»fe^\\GSa«tftfc ^^^'sssssS' 
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was intended to intoxicate or stupify the specta- 
tors, so as to increase their liability to deception, 
or to add to the real phantasms which were before 
their eyes others which were the offspring only of 
their own imaginations. It is not easy to ^ther 
from the description what parts of the exhibition 
were actoaUy presented to the eyes of the specta- 
tors, and what parts of it were imagined by them- 
selves. It is quite evident that the boy as well as 
Agnolino Gad(U were so overpowered with terror 
that they fancied many things which they did not 
see ; but when the boy declares that four armed 
giants of an enormous stature were threatening to 
break into their circle, he gives an accurate de- 
scription of the effect that would be produced by 
pushing the figures nearer the mirror, and then 
magmf3ring their images, and causing them to ad- 
vance towards the circle. Althou^ Cellini de- 
clares that he was trembling with fear, yet it is 
quite evident that he was not entirely ignorant of 
the machinery which was at work ; for in order to 
encourage the boy, who was almost dead with fear, 
he assured him that the devils were under their 
power, and that "what he saw was smoke and 
shadow." 

Mr. Roscoe, from whose Life of Cellini the pre- 
ceding description is taken, draws a similar conclu- 
sion from the consolatory words addressed to the 
boy, and states that they " confirm him in the be- 
lief that the whole of these appearances, like a 
phantasmagoria, were merely the effects of a magic 
lantern produced on volumes Of smoke from variouis 
kinds of burning wood." In drawing this conclu- 
sion, Mr. Roscoe has not adverted to the fact that 
this exhibition took place about the middle of the 
16th century, while the magic lantern was not in- 
vented by Kircher till towards the middle of the 
17th century ; Cellini having died in 1570, and Kiir- 
cher having been born in 1601. There is no doubt 
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that the eifects described could be produced by this 
instrument, but we are not entitled to have recourse 
to any other means of explanation but those which 
were known to exist at the time of Cellini. If we 
suppose, however, that the necromancer either had 
a regular magic lantern, or that he had fitted up 
his concave mirror in a box containing the figures 
of his devils, and that this box with its lights was 
carried home with the party, we can easily account 
for the declaration of the iJoy, " that, as they were 
going home to their houses in the quarter of Banchi, 
two of the demons whom we had seen at the amphithea- 
tre went on before its leaping and skipping, sometimes 
running upon the roofs of the houses, and sometimes 
upon the ground" 

The introduction of the magic lantern as an 
optical instrument supplied the magicians of the 
17th century with one of their most valuable tools. 
The use of the concave mirror, which does not ap- 
pear to have been even put up into the form of an 
instrument, required a separate apartment, or at 
least that degree of concealment which it was dif- 
ficult on ordinary occasion? to command ; but the 
magic lantern, containing in a small compass its 
lamp, its lenses, and its sliding figures, was pecu- 
liarly fitted for the itinerant conjurer, who had nei- 
ther the means of providing a less portable and more 
expensive apparatus, nor the power of transporting 
and erecting it. 

The magic lantern shown in the annexed figure 
consists of a dark lantern AB, containing a lamp 
G, and a concave metallic mirror MN ; and it is so 
constructed, that when the lamp is lighted not a 
ray of light is able to escape from it. Into the side 
of the lantern is fitted a double tube CD, the outer 
half of which D is capable of moving within the 
other half. A large plano-convex lens C is fixed 
at the inner end of the double tube, and a small 
convex lens D at the outet etA-, ^a^Vi^^ ^as^ 
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tube CE there is joined a groove £F, in which 
the sliders containing the painted objects are placed, 
and through which they can be moved. Each slider 
contains a series of ^^es or pictures painted oiv 

Fig. 6. 




glass with highly transparent colours. The direct 
light of the lamp G, and the light reflected from 
the mirror MN, falling upon the illuminating lens 
C, is concentrated by it so as to throw a brilliant 
light upon the painting on the slider, and as this 

nting is in the conjugate focus of the convex lens 
I magnified image of it will be formed on a 
white wsul or a white cloth placed at PQ. If the 
lens D is brought nearer to EF| or to the picture, 
the distinct image will be more magnified, and will 
be formed at a greater distance from D, so that if 
there is any particular distance of the image which 
is more convenient than another, or any particular 
size of the object which we wish, it can be obtained 
by varjring the distance of the lens D from EF. 

When the image is received on an opaque ground, 
as is commonly the case, the spectators are placed 
in the same room with the lantern; but for the 
purposes of deception, it would be necessary tQ 
jdage \^9 lai^tem iq another apartment, like tl^ 



iwlrror in Fig. 4, and to throw the magnified pic- 
tures on a large plate of ground glass, or a trans- 
parent gauze screen, stretched across an opening 
EF, Fig. 4, made in the partition which separates 
the spectators from the exhibiter. l*he images 
might, like those of the concave mirror, be received 
upon wreaths of smoke. These images are of 
course always inverted in reference to me position 
of the painted objects ; but in order to render them 
really erect, we have only to invert the sliders. 
The representations of the magic lantern never fail 
to excite a high degree of interest, even when ex- 
hibited with the ordinary apparatus ; but by using 
double sliders, and varying their movements, very 
Mriking effects may be produced. A smith, for ex- 
ample, is made to hammer upon his anvil, — a figure 
is thrown into the attitude of terror by the intro- 
duction of a spectral apparition, — and a tempest at 
tsea is imitated, by having the sea on one slider, 
and the ships on other shders, to which an undula- 
tory motion is communicated. 

The magic lantern is susceptible of great im- 
provement in the painting of the figures, and in the 
mechanism and combination of the shders. A painted 
figure which appeals well executed to the unas- 
sisted eye becomes a mere daub when magnified 
60 or 100 times ; and when we consider what kind 
of artists are employed in their execution, we need 
not wonder that this optical instrument has degen- 
erated into a mere toy for the amusement of the 
young. Unless for public exhibition, the expense 
pf exceedingly minute and spirited drawings could 
not be afforded ; but I have no doubt that if such 
drawings were executed, a great part of the ex- 
pense might be saved by engraving them on wood, 
and transferring their outline to the glass sliders. 

A series of curious representations might be ef- 
fected by inserting glass plates containing suitable 
figures in a trough having two of it& %vi<^*^ ^^^^s^il&s^ 
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and made of plate glass. The trough must be in- 
troduced at EF, so that the figure on the glass is 
at the proper distance from the object lens D. 
When the trough is filled with water, or with any 
transparent fluid, the picture at PQ will be seen 
with the same distinctness as if the figure had been 
introduced by itself into the groove EF ; but if any 
transparent fluid of a difierent density from water 
is mixed with it, so as to combine with it quickly 
or slowly, the appearance of the figure displayed at 
PQ will undergo singular changes. If spirits of 
wine, or any ardent spirit, are mixed with the 
water, so as to produce throughout its mass par- 
tial variations of density, the figure at PQ will be, 
as it were, broken down into a thousand parts, and 
will recover its continuity and distinctness when 
the two fluids have combmed. If a fluid of less 
density than water is laid gently upon the water, 
so as to mix with it gradually, and produce a regu- 
lar diminution of density downwards, or if saline 
substances soluble in water are laid at the bottom 
of the trough, the density will diminish upwards, 
and the figure wiU undergo the most curious elonga- 
tions and contractions. Analogous eflects may be 
produced by the application of heat to the surface 
or sides of the trough, so that we may effect at 
the same time both an increase and a diminution 
in the density of the water, in consequence of 
which the magnified images will undergo the most 
remarkable transformations. It is not necessary to 
place the glass plate which contains the figure 
within the trough. It may be placed in front of it, 
and by thus creating, as it were, an atmosphere with 
local variations of density, we may exhibit the 
phenomena of the mirage and of looming, in which 
the inverted images of ships and other objects are 
seen in the air, as described in another Letter. 

The power of the magic lantern has been greatly 
eactended by placing it on one side of the transpa^ 
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rent screen of taffetas which receives the images, 
while the spectators are placed on the other side, 
and by making every part of the glass sliders 
opaque, excepting the part which forms the figures. 
Hence all the figures appear luminous on a black 
ground, and produce a much greater effect with the 
same degree of illumination. An exhibition de- 
pending on these principles was brought out by M. 
Phihpstal in 1802, under the name of the Phantas- 
ma^oriaj and when it was fthown in London and 
Edmburgh it produced the most impressive effects 
upon the spectators. The small theatre of exhibi- 
tion was Ujhted only by one hanging lamp, the 
flame of which was drawn up into an opaque chim- 
ney or shade when the performance began. In 
this " darkness visible" the curtain rose, and dis- 
played a cave with skeletons and other terrific fig- 
ures in relief upon its walls. The flickering light 
was then drawn up beneath its shroud, and the 
spectators in total darkness found themselves in the 
middle of thunder and lightning. A thin transpa- 
rent screen had, unknown to the spectators, been 
let down after the disappearance of the light, and 
upon it the flashes of lightning and all the subse- 
quent appearances were represented. This screen, 
being half-way between the spectators and the cave 
which was first shown, and being itself invisible, 
prevented the observers from having any idea of 
the real distance of the figures, and gave them the 
entire character of aerial pictures. The thunder 
and lightning were followed by the figures of ghosts, 
skeletons, and known individuals, whose eyes and 
mouth were made to move by the shifting of com- 
bined shders. After the first figure had been ex- 
hibited for a short time, it began to grow less and 
less, as if removed to a great distance, and at last 
vanished in a small cloud of hght. Out of this 
same cloud the germ of another figure began to ap- 
pear, and gradually grew larger and l^ger, and ap- 
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proached the spectators till it attained its perfect 
development. In this manner, the head of Dr. 
Franklin was transformed into a scull; figures 
which retired with the freshness of life came back 
in the form of skeletons, and the retiring skeletons 
returned in the drapery of flesh and blood. 

The exhibition of these transmutations was fol- 
lowed by spectres, skeletons, and terrific figures ; 
which, instead of receding and vanishing as l^fore, 
suddenly advanced lipon the spectators, becoming 
larger as they ai^roached them, and finally vanished 
by appearing to sink into the ground. The effect 
of this part of the exhibition was naturally the 
most impressive. The spectators were not only 
surprised but agitated, and many of them were of 
opinion that they could have touched the figures. 
M. Robertson at Paris introduced along with his 
pictures the direct shadows of living objects, which 
imitated coarsely the appearance of those objects 
in a dark night or in moonlight. 

All these phenomena were produced by varying 
the distance of the magic lantern AB, Fig. 5, from 
the screen PQ, which remained fixed, and at the 
same time keeping the image upon the screen dis- 
tinct by increasing the distance of tjie lens D from 
the sliders in EF. When the lantern approached 
to PQ, the circle of light PQ, or the section of 
the cone of rays PDQ, gradually diminished, and 
resembled a small bright cloud, when D was close 
to the screen. At this time a new figure was put 
in, so that when the lantern receded from the 
screen, the old figure seemed to have been trans- 
formed into the new one. Although the figure. was 
always at the same distance from the spectators, 
yet, owing to its gradual diminution in size, it ne- 
cessarily appeared to be retiring to a distance. 
When the magic lantern was withdrawn from PQ, 
and the lens D at the same time brought nearer to 
EF, the image in PQ gradually increased in size, 
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and therefore seemed in the same proportion to bo 
approaching the spectators. 

Superior as this exhibition was to any repre- 
sentation that had been previously made by the 
magic lantern, it still laboured under several imper- 
fections. The figures were poorly drawn, and in 
other respecta not well executed, and no attempt 
whatever was made to remove the optical incon- 
gruity of the figures becoming more luminous when 
Uiey retired from the observer, and more obscure 
when they approached to him. The variation of 
the distance of the lens D from the sliders in EF 
was not exactly adapted to the motion of the lan- 
tern to and from the screen, so that the outline of 
the figures was not equally distinct during their va- 
riations of magnitude. 

Dr. Thomas Young suggested the arrangement 
shown in Fig. 6 for exhibiting the phantasmagoria. 



■Fig. 8. 




The magic lantern is mounted on a small car H, 
which runs on wheels WW. The direct light of 
the lamp G, and that reflected from the mirror M, 
is condensed by the illuminating lenses CC, upon 
the transparent figures in the opaque sliders at B, 
and the image of these figures is formed at PQ, bv 
the otQect lens D. When the car H is drawn back 
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on its wheels, the rod IK brings down the point 
K, and, by means of the rod KL, pushes the lens D 
nearer to the sUders in EF, and when the car ad- 
vances to PQ, the point K is raised, and the rod 
KL draws out the lens D from the slider, so that 
the image is always in the conjugate focus of D, 
and therefore distinctly painted on the screen. 
The rod KN must be equal in length to IK, and 
the point I must be twice the foc2d length of the 
lens D before the object, L being immediately under 
the focus of the lens. In order to diminish the 
brightness of the image when it grows small and 
appears remote. Dr. Young contrived that the 
support of the lens D should suffer a screen S to 
fall and intercept a part of the light. This method, 
however, has many disadvantages, and we are sat- 
isfied that the only way of producing a variation in 
the light corresponding to the variation in the 
size of the iinage is to use a single illuminating 
lens C, and to cause it to approach EF, and throw 
less light upon the figures when D is removed from 
EF, and to make C recede from EF when D ap- 
proaches to it. The lens C should therefore be 
§ laced in a mean position corresponding to a mean 
istailce of the screen and to the ordinary size of 
the figures, and should have the power of being 
removed from the slider EF, when a greater inten- 
sity of light is required for the images when they 
are rendered gigantic, and of being brought close 
to EF when the images are made small. TTie size 
of the lens C ought of course to be such that the 
section of its cone of rays at EF is equal to the size 
of the figure on the slider when C is at its greatest 
distance from the slider. 

The method recommended by Dr. Yoimg for pull- 
ing out and pushing in the object lens D, according 
as the lantern approaches to or recedes from the 
screen, is very ingenious and effective. It is how- 
aver clumsy in itself, and the connexion of the 
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levers with the screen, and their interposition be- 
tween it and the lantern, must interfere with the 
operations of the exhibiter. It is, besides, suited 
Only to short distances between the screen and the 
lantern ; for when that distance is considerable, as 
it must sometimes require to be, the levers KL, 
KI, KT would bend by the least strain, and be- 
come unfitted for their purpose. For these reasons, 
the mechanism which adjusts the lens D should be 
moved by the axle of the front wheels, the tube 
which contains the lens should be kept at its great- 
est distance from EF by a slender spring, and 
should be pressed to its proper distance by the ac- 
tion of a spiral cam suited to the optical relation 
between the two conjugate focal distances of the lens. 
Superior as the representations of the phantas- 
magoria are to those of the magic lantiem, they are 
still liable to the defect which we have mentioned, 
namely, the necessary imperfection of the minute 
transparent figures when magnified. This defect 
cannot be remedied by employing the most skilful 
artists. Even Michael Angelo would have failed in 
executing a figure an inch long with transparent 
varnishes, when all its imperfections were to be 
magnified. In order, therefore, to perfect the art of 
representing phantasms, the objects must be living 
ones, and in place of chalky ill-drawn figures mim- 
icking humanity by the most absurd gesticulations, 
we shall have phantasms, of the most perfect de- 
lineation, clothed in real drapery, and displa3dng all 
the movements of life. The apparatus by which 
such objects may be used may be called the catadi- 

Sotrical phantasmagoria^ as it operates both by re- 
ection and refraction. 

The combination of mirrors and lenses which 
seems best adapted for this purpose is shown in 
Fig. 7, where AB is a living figure placed before 
a large concave mirror MN, by means of which a 
(timinished and inverted, image oC \X \& ^^yccaa^ -^Js. 

U 
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ab. If PQ is the transparent screen upon which 
the image is to be shown to the spectators on the 
right-hand or it, a large lens LL must be so placed 




before the image oj as to form a distinct and erert 
picture of it at A'B' upon the screen. When the 
image A'ff is required to be the exact size of AB, 
the lens LL must magnify the small image ab as 
much aa the mirror MN diminishes the figure 
AB, The living object AB, the mirror MN, and. 
the lens LL most all be placed in a moveable car 
for the purpose of producing the variations in the 
size of the phantasms, and the transformations of 
one figure into another. The contrivance for ad- 
justing the lens LL to give a distinct picture at 
different distances of the screen will of course be 
required in the present apparatus. In order to give 
full effect to the phantasms, the living objects at 
AB will require to be illuminated in the strongest 
manner, and should alwavs be dressed either in white 
.,or in very luminous colours, and in order to giva 
them relief a black cloth should be stretchod nt 
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some distance behind them. Many interesting ef- 
fects might also be produced by introducing at AB 
. fine paintings and busts. 

It would lead us into too wide a field were we to 
detail the immense variety of resources which the 
science cf optics furnishes for such exhibitions. 
One of these, however, is too useful to be passed 
without notice. If we interpose a prism with a 
small refracting angle between the image ab, Fig. 
7, and the lens LL, the part of the figure imme- 
diately opposite to the prism will be, as it were, de- 
tached from the figure, and will be exhibited sepa- 
rately on the screen PQ. Let us suppose that 
this part is the head of the figure. It may be de- 
tached vertically, or lifted from the body as if it 
were cut off, or it may be detached downwards and 
placed on the breast as if the figure were deformed. 
In detaching the head verticaBy, or laterally, an 
opaque screen must be applied, to prevent any part 
of the head from being seen by rays which do not 
pass through the prism ; but this and other practical 
details will soon occur to those who put the method 
to an experimental trial. The application of the 
prism is shown in Fig. 8, where ab is the inverted 
image formed by a concave mirror, ABC a prism 
with a small refracting angle BCA, placed between 
ab and the lens LL, 5 a small opaque screen, and 
Afi the figure with its head detached. A hand 
may Dc made to grasp the hair of the head, and the 
aspect of death may be given to it, as if it nad been 
newly cut off. Such a representation could be 
easily mad»s and the effect upon the spectators would 
be quite overpowering. The lifeless head might 
then be made to recover its vitality, and be safely re- 
placed upon the figure. If the head A of the living 
object AB, Fig. 7, is covered with black cloth, the 
head of a person or of an animal placed above A 
might be set upon the shoulders of the fi^te A^U 
by the refraction of a prism. 
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When the figure ah. Fig. 8, is of very small di- 
mensions, as in the magic lantern, a small prism of 
glass would answer the purpose required of it ; but 

Fig, 8. 




in public exhibitions, where the images ah must be 
of a considerable size, if formed by a concave mir- 
ror, a very large prism would be necessary. This, 
however, though impracticable with solid glass may 
be easily obtained by means of two large pieces of 
plate glass made into a prismatic vessel and filled 
with water. Two of the glasses of a carriage win- 
dow would make a prism capable of doubling the 
whole of the bust of a living person placed as an 
object at AB, Fig. 7, so that two perfectly similar 
phantasms might be exhibited. In those cases 
where the images before the lens LL are small, 
they may be doubled and even tripled by inter- 
posing a well prepared plate of calcareous spar, that 
is, crossed by a thin fihn. These images would 
possess the singular character of being oppositely 
coloured and of changing their distances and their 
colours by slight variations in the positions of th« 
plate.* 

In order to render the images which are formed 
by the glass and water prisms as perfect as possible, 
it would be easy to make them achromatic, and the 

* See Bxnif. Ekctclopjboia, Art. O^nci, yol. xt. p. 611. 
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figures might be multiplied to any extent by using 
several prisms, having their refracting edges parallel 
for the purpose of giving a similarity of position to 
all the images. 

Among the instruments of natural magic which 
were in use at the revival of science, there was one 
invented by Kircher for exhibiting the mysterious 

Fig. 9. 




liardwriting on the wall of an apartment from which 
the magician and his apparatus were excluded. The 
annexed figure represents this apparatus, as given 
by Schottus. The apartment in which the specta- 
tors are placed is between LL and GH, and there is 
an open window in the side next LL, GH being 
the inside of the wall opposite to the window. Upon 
the face of the plane speculum EF are written the 
words to be introduced, and when a lens LL is placed 
at such a distance from the speculum, and of such 
a focal length that the letters and the place of their 
representation are in its conjugate foci, a distinct 
image of the writing will be exhibited on the wall 
at GH. The letters on the speculum are of course 
inverted as seen at EF, and when they are illumi- 
nated by the sun's rays S, as shown in the figure, a 
distinct image, as Schottus assures us, may be 
formed at the distance of 500 feet. In this experi- 
ment the speculum is by no means necessary. If 
She letters are cut out of an opaque card, and ilhimi- 

H3 
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nated by the light of the sky in the day, or by a 
lamp during night, their delineation on the wall 
would be equally distinct. In the daytime it would 
be necessary to place the letters at one end of a 
tube or oblong box, and the lens at the other end. 
As this deception is performed when the spectators 
are unprepared for any such exhibition, the warning 
written in luminous letters on the wall, or any word 
associated with the fate of the individual observer, 
could not fail to produce a singular effect upon his 
mind. The words might be magnified, diminished, 
multiplied, coloured, and obliterated, in a 'cloud of 
light, from which they might again reappear by the 
methods already described as applicable to the magic 
lantern. 

The art of forming aerial representations was r 
great desideratum among the opticians of the 17th 
century. Vitellio and others had made many un- 
successful attempts to produce such images, and the 
speculations of Lord Bacon on the subject are too 
curious to be withheld from the reader. 

" It would be well bolted out," says he, " whether 
great refractions may not be made upon reflections, 
as well as upon direct beams. For example, take 
an empty basin, put an angel or what you wiU into 
it ; then go so far from the basin till you cannot see 
the angel, because it is not in a right line ; then fill 
the basin with water, and you shall see it out of its 
place, because of the refraction. To proceed, there- 
fore, put a looking-glass into a basin of water. I 
suppose you shall not see the image in a right line 
or at equal angles, but wide. I know not whethter 
this experiment may not be extended, so as you 
might see the image and not the glass, which, for 
beauty and strangeness, were a fine proof, for then 
you should see the image like a spirit in the air. 
As, for example, if there be a cistern or pool of 
water, you shall place over agamst it the picture 
of the devil; or what you will, so aa that yoado not 
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■ee the water. Then put a Jooking-^lass in the 
water ; now if you can see the devil's picture aside, 
not seeing the water, it would look like the devil in- 
deed. They have an old tale in Oxford, that Friar 
Bacon walked between two steeples, which was 
thought to be done by glasses, when he walked upon 
the ground." 

Kircher also devoted himself to the production 
of such images, and he has given in the annexed 
figure his method of producing them. At the bottom 
Ota polished cylindrical vessel AB he placed afi^re 
CD, which we presume must have been highly illu- 
minated from below, and to the spectators who 
looked into the vessel in an oblique direction there 
was exhibited an image placed vertically in the air 
IS if it were ascending at the mouth ot the vessel. 



Fig. 10. 




Kircher assures us that he once exhibited in this 
manner a representation of the Ascension of our 
Saviour, and that the images were so perfect that 
the speotators could not be persuaded, U\i.yae^Va}i. 
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stances. Although Kircher does not mention it, yet 
it is manifest that the original figure AB must have 
been a deformed or anamorphous drawing, in order 
to give a reflected image of just proportions. We 
doubt, indeed, if the representation or the ligure was 
ever exhibited. It is entirely incompatible with the 
laws of reflection. 

Among the ingenious and beautiful deceptions of 
the 17th century, we must enumerate that of the 




Teformation of distorted pictures by reflection from 
cjrlindricBl and conical mirrors. Intheaerepreseat- 
atioiu the original image from wbicb % pnv»A ^^ 
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tore ia produced is often bo completely distorted, 
that the eye cannot trace in it the resemblance to 
any regular figure, and the greateBt degree of wonder 
is of course excited, whether the original image is 
concealed or exposed to view. These distorted pic- 
tores may be drawn by strict geometrical rules ; 
but I have shown in Fig. 11 a simple and practical 
method of executing them. Let MN be an accurate 
cylinder made of tin-plate or of thick pasteboard. Out 
of the farther side of it cut a small aperture abcdi 
and out of the nearer side cut a larger one ABCD, 
the size of the picture to be distorted. Having per- 
foratod the outline of the picture with small holes, 
place K OB the opening ABCD so that its surface 
may be cylindrical. Let a candle or a bright lumi- 
nous object, the smaller the better, be placed at S, 
as far behind the picture ABCD as the eye is after- 
ward to be placed before it, and the light passing 
through the small holes will represent on a hori- 
zontal plane a distorted image of the picture A'B' 
CD' which when sketched in outline with a pencil, 
and shaded or coloured, will be ready for use. If 




we now substitute a polished cylindrical mirror of 
the same size in pl!u:e ol WS,ftij«i. 'Coa &sh«<«&. 
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picture when laid horiiontally at A'B'C'D' will 
oe restored to its original state when seen by re 
flection at ABCD in the polished mirror. It 
would be an improvement on this method to place 
at ABCD a thin and flexible plate of tranajMirent 
mica, having drawn upon it with a sharp point, or 
painted upon it, the figure required. The projected 
image of this figure at A'B'C'D'may then be accu- 
rately copied. 

The etrect of a cylindrical mirror is shown in Fig. 
13, which is copied from an old one which we have 

The method above described is equally applicable 
to concave cylindrical mirrors, imd to those of a con- 
ical form, and it may also be appUed to mirrors of 
yariable curvature, which produce different kinds of 
distortions from different parts of their surfaces. 

Fig.n. 




e curvature, like ABC, Fig, 13, we obtain aa 
instrunoent for [nroducing an endless variety of csri- 
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catures, all of which are characterized by their re- 
semblance to the original. If a figure MN is placed 
before such a mirror, it will of course appear dis- 
torted and caricatured, but even if the figure takes 
different distances and positions, the variations 
which the image undergoes are neither sufficiently 
numerous nor remarkable to afford much amusement. 
But if the figure MN is very near the mirror, so 
that new distortions are produced by the different 
distances of its different parts from the mirror, the 
most singular caricatures may be exhibited. If 
the figure, for example, bends forward his head and 
the upper part of his body, they will swell in size, 
leaving his lower extremities short and slender. 
If it draws back the upper part of the body and ad- 
vances the limbs, the opposite effect will take place. 
In like manner different sides of the head, the right 
or the left side of it, the brow or the chin, may be 
swelled and contracted at pleasure. By stretching 
out the arms before the body they become like those 
of an orang outang, and by drawing them back they 
dwindle into half their regular size. All these 
effects, which depend greatly on the agility and 
skill of the performer, may be greatly increased by 
suitable distortions in his own features and figure. 
The family likeness, which is of course never lost 
in all the variety of figures which are thus produced, 
adds greatly to the interest of the exhibition ; and 
we have seen individuals so annoyed at recognising 
their own likeness in the hideous forms of humanity 
which were thus delineated, that they could not 
be brought to contemplate them a second time. If 
the figure is inanimate, like the small cast of a statue, 
the effect is very curious, as the swelling and con- 
tracting of the parts and the sudden change of ex- 
pression give a sort of appearance of vitaBty to the 
image. The inflexibility of such a figure, however, 
is unfavourable to its transformation into caricatures. 
Interesting as these metamor^\vo^^^ -ax^^ "Cws^ 
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lose in the simplicity of the experiment much of 
the wonder which they could not fail to excite if 
exhibited on a great scale, where the perfonner is 
invisible, and where it is practicable to give an aerial 
representation of the caricatured figures. This 
may be done by means of the apparatus shown in 
Fig. 7,* where we may suppose AB to be the re- 
duced image seen in the reflecting surface ABC, 
Fig. 13.t By bringing this image nearer the mir- 
ror MN, Fig. 7, a magnified and inverted image of 
it may be formed at ad, of such a magnitude as to 
give the last image in PQ the same size as lifeu 
Owing to the loss of light by the two reflections, a 
very powerful illumination would be requisite for 
the original figure. If such an exhibition were well 
got up the effect of it would be very striking. 



LETTER V. 

Miscellaneous OjUical Illtisions— Conversion of Cameoa info Inta^oi^ 
or Elevations into Depressions, and the Reverse— Explanation of thi* 
ClasH of Deceptions — Singular Effects of Iltumination with Light of one 
simple Colour — Lam|)s for producing Homoffeneous yellow Light- 
Methods of increasing the Effect of this Exhibition'-Metliod of readbiff 
the Inscription of Coins in the Dark — Art of deciphering the efihoed 
Inscription of Coins— Explanation of these sinsular Eflfec(»— Apparent 
MofflSof the Eyes in Portraits — Remarkable Examples of this — Appa- 
rent Motion of the Features of a Portrait, when the Eyes are maae to 
inove^— Remarkable Experiment of breathiug Light and Darkness. 

In the preceding Letter I have given an account 
of the most important instruments of Natural 
Magic which depend on optical principles ; but there 
still remain several miscellaneous phenomena on 
which the stamp of the marvellous is deeply im- 
pressed, and the study of which is pregnant with 
instruction and amusement. 

*VBgf86. tPageM. 
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One of the most curious of these is that false 
perception in vision by which we conceive depres- 
sions to be elevations and elevations depressions, 
or by which intaglios are converted into cameos and 
cameos into intaglios. This curious fact seems to 
have been first observed at one of the early meet- 
ings of the Royal Society of London, when one of 
the members, in looking at a guinea through a com- 
pound microscope of new construction, was sur- 
prised to see the head upon the coin depressed, 
while other members could only see it embossed as 
it really was. 

While using telescopes and compound micro- 
scopes, Dr. Gmelin of Wirtemburg observed the 
same fact. The protuberant parts of objects ap- 
peared to him depressed, and the depressed parts 
protuberant; but what perplexed him extremely, 
this illusion took place at some times and not at 
others, in some experiments and not in others, and 
appeared to some eyes and not to others. 

After making a great number of experiments, Dr. 
Gmelin is said to have constantly observed the fol- 
lowing effects: Whenever he viewed any object 
rising upon a plane of any colour whatever, pro- 
vided it was neither white nor shining, and provided 
the eye and the optical tube were directly opposite 
to it, the elevated parts appeared depressed, and the 
depressed parts elevated. This happened when he 
was viewing a seal, and as often as he held the tube 
of the telescope perpendicularly, and applied it in 
such a manner that its whole surface almost covered 
the last glass of the tube. The same effect was 
produced when a compound microscope was used. 
When the object hung purpendicularlv from a plane, 
and the tube was supported horizontally and directly 
opposite to it, the illusion also took place, and the 
appearance was not altered when the object hung 
obliquely and even horizontally. Dr. Gmelin is said 
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to have at last discovered a method of preventing 
this illusion, which was, by looking not towards the 
centre of the convexity, but at first to the edges of 
it only, and then gradually taking in the whole. 
" But why these things should so happen, he did 
not pretend to determine." 

The best method of observing this deception is 
to view the engraved seal of a watch with the eye- 
piece of an achromatic telescope, or with a com- 
pound microscope, or any combination of lenses, 
which inverts the objects that are viewed through 
it.* The depression in the seal will immediately 
appear an elevation, like the wax impression which 
is taken from it ; and though we know it to be hol- 
low, and feel its concavity with the point of our 
finger, the illusion is so strong that it continues to 
appear a protuberance. The cause of this will be 
understood firom Fig. 14, where S is the window 

Fig. 14. 





of the apartment, or the light which illuminates 
the hollow seal LR, whose shaded side is of course 
on the same side L with the light. If we now in- 
vert the seal with one or more lenses so that it 
may look in the opposite direction, it will appear to 
the eye as in Fig. 16, with the shaded side L far- 
thest from the window. But as we know that the 

• A single conrex lens will answer the purpose, provided we hold th» 
eye six or eight inches behind the image of the seal fbnned in its coajoi- 
gate focus. 
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window is still on our left-hand, and that the light 
falls in the direction BL, and as every body with 
its shaded side farthest from the light must neces- 

Fig. 15. 





sarily be convex or protuberant, we immediately 
beUeve that the hollow seal is now a cameo or 
bas-relief. The proof which the eye thus receives 
of the seal being raised overcomes the evidence of 
its being hollow derived from our actual knowledge, 
and from the sense of touch. In this experiment 
the deception takes place from our knowing the 
real direction of the hght which falls upon the seal ; 
for if the place of the window, with respect to the 
seal, had been inverted as well as the seal itself, 
the illusion could not have taken place. 

In order to explain this better, let us suppose the 
seal LR, Fig. 14, to be illuminated with a candle S, 
the place of which we can change at pleasure. If 
we invert LR, it will rise into a cameo, as in Fig. 
15 ; and if we then place another candle D on the 
other side of it, as in Fig. 16, the hollow seal win 
be eqijally illuminated on all sides, and it will sink 
down into a cavity or intaglio. If the two candles 
do not illuminate the seal equally, or if any acci- 
dental circumstance produces a belief that the light 
is wholly or principally on one side, the mind will 
entertain a corresponding opinion respecting the 
state of the seal, regarding it as a hollow if it be- 
lieves the light to come wholly or principally from 
the right-hand, and as a cameo if it believer t^ 
liifht to come from the \e(\,-\vaxv^. 
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If we use a small telescope to invert the seak, 
and if we cover up all the candle but its flame, and 
arrange the experiment so that the candle may be 

Fig. 16. 
02 






inverted along with the image, the seal will still 
retain its concavity, because the shadow is still on 
the same side with the illuminating body. 

If we make the same experiments with the raised 
impression of the seal taken upon wax, we shall 
observe the very same phenomena, the seal being 
depressed when it alone is inverted, and retaining 
its convexity when the light is inverted along 
with it. 

The illusion, therefore, under our consideration 
is the result of an operation of our own minds, 
whereby we judge of the forms of bodies by the 
knowledge we have acquired of light and shadow. 
Hence the illusion depends on the accuracy and 
extent of our knowledge on this subject ; and 
while some persons are imder its influence, others 
are entirely insensible to it. When the seaJ or 
hollow cavity is not polished but ground, and the 
surface round it of uniform colour smd smoothness, 
almost every person, whether young or old, learned 
or ignorant, will be subject to the iUusion ; because 
the youngest and the most careless observers can- 
not W know that the shadow of a hollow is always 
on the side next the light, and the shadow of a pro- 
tuberance on the side opposite to the light ; but if 
the object is the raised impression of a seal upon wax, 
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I have found that when inverted, it still seemed 
raised to the three youngest of six persons, vrhile the 
three eldest were subject to the deception. 

This illusion may be dissipated by a process of 
reasoning arising from the introduction of a new 
circumstance in the experiment. Thus, let RL, Fig, 
17, be the inverted seal, which consequently appears 

Fig, 17. 




raised, and let an opaque and unpolished pin A be 
placed on one side of the seal. Its shadow will be 
of course opposite the candle, as ac B. In this case 
the seal, which had become a cameo by its inver<^ 
sion, will now sink down into a cavity by the intro- 
duction of a pin and its shadow ; for as the pin and 
its shadow are inverted, as shown in Fig. 18, while 



Fig. 18. 





the candle retains its place, the shadow of the pin 
fg-Uing in the direction AB is a stronger proof to 
the eye that the light is coming from the right-hand 
than the actual knowledge of the candle being on the 
left-hand, and therefore the cameo necessarUy sioka 

12 
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into a cavity, or the shadow is now on the same 
side as the light. This experiment will explain to 
us why on some occasions an acute observer will 
elude the deception, while every other person is 
subject to it. Let us suppose that a particle of dust, 
or a little bit of wax, capable of giving a shadow, is 
adhering to the surface of the seS ; an ordinary ob- 
server will take no notice of this, or if he does, he 
will probably not make it a subject of consideration, 
and will therefore see the head on the seal raised 
into a cameo : but the attentive observer, noticing 
the little protuberance, and observing that its shadow 
lies to the left of it, will instantly infer that the 
light comes in that direction, and will still see the 
seal hollow: 

I have already mentioned that in some cases even 
the sense of touch does not correct the erroneous 

Perception. We of course feel that the part of tha 
ollow on which the finger is placed is actually hol- 
low ; but if we look at the other part of the hollow 
it will still appear raised. 

By using two candles yielding diiFerent degrees 
of light, and thus giving an uncertainty to the direc- 
tion of the light, we may weaken the illusion in any 
degree we choose, so as to overpower it by touch 
or by a process of reasoning. 

I have had occasion to observe a series of analo- 
gous phenomena arising from the same cause, but 

Fig, 19. 





produced without any instrumeat for inverting the 
object. If AB, for example, is a plate of mother- 
of-pead, and LR a circular or any other cavity 
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(Fig. 19) ground or turned in it, then if this cavity 
is illuminated by a candle or a window at S, in place 
of there being a shadow of tjie margin L of the hollow 
next the light, as there would have been had the 
body been opaque, a quantity of bright refracted 
light will appear where there would have been a 
shadow, and the rest of the cavity will be compara- 
tively obscure, as if it were in shade. The neces- 
sary consequence of this is, that the cavity will ap- 
pear as an elevation when seen only by the naked 
eye, as it is only an elevated surface that could have 
its most luminous side at L. 

Similar illusions take place in certain pieces 
of polished wood, calcedony, and mother-of-pearl, 
where the surface is perfectly smooth. This arises 
from there being at that place a knot or growth, or 
nodule of different transparency from the surround* 
ing mass, and the cause of it wm be understood from 
Fig. 20. Let mo be the surface of a mahogany 

Fig. 20. 




table, AmoB a section of the table, and mno a 
section of a knot more transparent than the rest of 
the mass. Owing to the transparency of the thin 
edge at o, opposite to the candle S, the side o is 
illuminated, while the rest of the knot is compara- 
tively dark, so that on the principles already ex- 
plained the spot mno appears to be a hollow in the 
table. From this cause arises the appearance of 
dimples in certain plates of calcedony called ham- 
mered calcedony, owing to Jts having the look of 
being dimpled with a hammer. The surface on 
which these cavities are seen is a section of small 
spherical aggregations of siliceous matter, whipli 
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exhibit the same phenomena as the cavities in wood. 
Mother-of-pearl presents the very same phenomena, 
and it is indeed so common in this substance that 
it is nearly impossible to find a mother-of-pearl but^ 
ton or counter which seems to have its surface flat, 
although they are perfectly so when examined by 
the touch. Owing to the different refraction of the 
incident light by ttie different growths of the shell 
cut in different directions by the artificial surface, 
like the annual growth of wood in a dressed plank, 
the surface has necessarily an unequal and undu- 
lating appearance. 

Among the wonders of science there are perhaps 
none more surprising than the eflects produced upon 
coloured objects by illuminating them with homo- 
geneous light, or light of one colour. The light 
which emanates from the sun, and by which all the 
objects of the material world are exhibited to us, is 
composed of tluree difierent colours, red, yellow, and 
blue, by the mixture of which in different propor- 
tions adl the various hues of nature may be produced. 
These three colours, when mixed in the proportion 
in which they occur in the sun's rays, compose a 
purely white light ; but if any body on which this 
white light falls shall absorb, or stop, or detain 
within its substance any part of any one or more 
of these simple colours, it will appear to the eye of 
that colour which arises from the mixture of adl the 
rays which it does not absorb, or of that colour 
which white light would have if deprived of the 
colours which are absorbed. Scarlet cloth, for ex- 
ample, absorbs most of the blue rays and many of 
the yellow, and hence appears red. Yellow cloth 
absorbs most of the blue and many of the red rays, 
and therefore appears yellow, and blue cloth absorbs 
most of the yellow and red rays. If we were to 
illuminate the scarlet cloth with pure and unmixed 
yellow liffht, it would appear yellow, because the 
j^^rlet cToth dpe^ not absorb aU the yellow rays^ 
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but reflects some of them ; and if we illraninate blue 
cloth with yellow light, it will appear nearly black, 
because it absorbs all the yellow light, and reflects 
almost none of it. But whatever be the nature and 
colour of the bodies on which the yellow light falls, 
the light which it reflects must be yellow, for no 
other light falls upon them, and those which are not 
capable of reflecting yellow light must appear abso- 
lutely black, however brilliant be their colour in the 
light of day. 

As the methods now discovered of producing yel- 
low light in abundance were not known to the an- 
cient conjurers, nor even to those of later times, 
they have never availed themselves of this valuable 
resource. It has been long known that salt thrown 

Fig. 21. 




into the wick of a flame produces yellow light, but 
this light is mixed with blue and green rays, and is, 
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besides, so small in quantity, that it iUuminates ob- 
jects only that are in the inunediate vidnity of the 
flame. A method which I have found capable of 
producing it in abundance is shown in Fig. 21, 
where AB is a lamp containing at A a large quan- 
tity of alcohol and water, or ardent spirits, which 
gradually descends into a platina or metallic cup D. 
This cup is strongly heated by a spirit-lamp L, en- 
closed in a dark lantern, and when the diluted alco- 
hol in D is inflamed, it will bum with a fierce and 
powerful yellow flame : if the flame should not be' 
perfectly yellow, owing to an excess of alcohol, a 
proportion of salt thrown into the cup will answer 
the same purpose as a further dilution of the 
alcohol.* 

A monochromatic lamp for producing yellow 
light may be constructed most effectually by em- 
ploying a portable gas lamp containing compressed 
oil gas. If we allow the gas to escape in a copious 
stream, and set it on fire, it will form an explosive 
mixture with the atmospheric air, and will no longer 
burn with a white flame, but will emit a bluish and 
reddish light. The force of the issuii^ff gas, or any 
accidental current of air, is capable of mowing out 
this flame, so that it is necessary to have a contri- 
vance for sustaining it. The method wluch I used 
for this purpose is shown in Fig. 22. A small gas 
tube abcy arising from the main burner MN of the 
gas \waxp PQ terminates above the burner, and has 
a short tube rfe, moveable up and down within it, 
so as to be gas-tight. This tube de, closed at e, 
communicates with the hollow xixiafg, in the inside 
of which four apertures are perforated in such a 
manner as to throw their jets of gas to the apex of 
a cone, of which fg is the base. When we cause 
the gas to flow from the burner M, by opening the 
main cock A, it will rush into the tube abcd^ and 

* See EdinXnurgh Transactionsj vol. ix. p. 433. 
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issue in amall flames at the four holes in the ring fs. 
The size of these flames is regulated by the cocfel. 
The inflammation, therefore, of the ignited gas will 
be sustained by these four subsidiary flames through 



Fig. 22. 




which it passes, independent of any agitation of the 
air, or of the force with which it issues from the 
burner. On a projecting arm eh, carrying a ring A, 
I fixed a broad collar, made of coarse cotton wick, 
which had been previously soaked in a saturated 
solution of common salt. When the gas was al- 
lowed to escape at M with such force as to product 
a long and broad column of an explosive mixture of 
gas and atmospheric air, the bluish flame occasioned 
by the explosion passes through the salted collar, 
and is converted by it into a mass of homogeneous 
yellow light. This collar will last a long time 
without any fresh supply of salt, so that the gas 
lamp will yield a permanent monochromatic yel&w 
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flame, wnich will last as long as there is gas in the 
reservoir. In place of a collar of cotton wick, a 
hollow cylinder of sponge, with numerous project- 
ing tufts, may be used, or a. collar may be similarly 
constructed with asbestos cloth, and, if thought ne- 
cessary, it might be supplied with a saline solution 
from a capillary fountain. 

Having thus obtained the means of illuminating 
any apartment with yellow light, let the exhibition 
be made in a room with furniture of various bright 
colours, with oil or water-coloured paintings on the 
wall. The party which is to witness the experiment 
should be dressed in a diversity of the gayest 
colours ; and the brightest coloured flowers and 
highly coloured drawings should be placed on the 
tables. The room being at first lighted with ordinary 
lights, the bright and gay colours of every thing that 
it contains will be fmely displayed. If the white 
lights are now suddenly extinguished, and the yel- 
low lamps lighted, the most appalling metamorphosis 
will be exhibited. The astonished individuals will 
no longer be able to recognise each other. All the 
furniture in the room and all the objects which it 
contains will exhibit only one colour. The flowers 
will lose their hues. The paintings and drawings 
will appear as if they were executed in China ink, 
and the gayest dresses, the brightest scarlets, the 
purest lilacs, the richest blues, and the most vivid 
greens will all be converted into one monotonous 
yellow. The complexions of the parties too will 
suffer a corresponding change. One pallid death- 
like yellow, 

\ 



-like the annatural hue 



Whicli totumn plants apon th« perifihed letf, 

will envelope the young and the old, and the sallow 
faces will alone escape from the metamorphosis. 
Each individual derives merriment from the cadave- 
rous appearance of his neighbour, without being sen- 
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8iblc that he is himself one of the ghostly assem- 
blage. 

If, in the midst of the astonishment which is thus 
created, the white lights are restored at one end of 
the room, while the yellow lights are taken to the 
other end, one side of the dress of every person, 
namely, that next the white light, will be restored 
to its original colours, while the other side will re- 
tain its yellow hue. One cheek will appear in a state 
of health and colour, while the other retains the pale- 
ness of death, and, as the individuals change their 
position, they will exhibit the most extraordinary 
transformations of colour. 

If, when all the lights are yellow, beams of white 
light are transmitted through a number of holes like 
those in a sieve, each luminous spot will restore the 
colour of the dress or furniture upon which it falls, 
and the nankeen family will apx)ear all mottled over 
with every variety of tint. If a magic lantern is 
employed to throV upon the walls or upon the 
dresses of the company luminous figures of flowers 
or animals, the dresses will be painted with these 
figures in the real colour of the.dress itself. Those 
alone who fippeared in yellow, 'afeid with yellow com- 
plexions, will to a, great degree escape ail these sin- 
gular changes. 

If red and blue light could be produced with the 
same facility and in the same, abundance as yellow 
light, the illumination of the apartment with these 
lights in succession would add to the ! variety and 
woijder of the exhibition. The red light might per- 
haps be procured in sufficient quantity from the ni- 
trate and other salts of strontian ; biit it would be 
difficult to obtain a blue flame of suf^ciejit intensity 
for the suitable illumination of a large room. Bril- 
liant white lights, however, might be used, having 
for screens glass troughs containing a mass one or 
two inches thick of a solution of the ammoniacal 
carbonate of copper. This solution absorbs all the 

K 
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rays of the spectrum but the blue, and the mtensity 
of the blue light thus produced would increase in 
the same proportion as the white light employed. 

Among the numerous experiments with which 
science astonishes and sometimes even strikes terror 
into the ignorant, there is none more calculated to 
produce this effect than that of displaying to the 
eye in absolute darkness the legend or inscription 
upon a coin. To do this, take a silver coin (I have 
always used an old one), and after polishing the sur- 
face as much as possible, make the parts of it which 
are raised rough by the action of an acid, the parts 
not raised, or those which are to be rendered darkest^ 
retaining their polish. If the coin thus prepared is 
placed upon a mass of red-hot iron, and removed 
into a dark room, the inscription upon it will become 
less luminous than the rest, so that it may be dis- 
tinctly read by th^ spectator. The mass of red-hot 
iron should be concealed from the observer's eye, 
both for the purpose of rendering the eye fitter for 
observing the effect, and of removing aU doubt that 
the inscription is really read in the dark, that is, 
without receiving any hght, direct or reflected, from 
any other body. If, in place of polishing the de- 
pressed parts, and roughening its raised parts, we 
make the raised parts polished, and roughen the de- 
pressed parts, the inscription will now be less lumi- 
nous than the depressed parts, and we shall still be 
able to read it, from its being, as it were, written in 
black letters on a white ground. The first time I 
made this experiment, without being aware of what 
would be the result, I used a French shilling of L6uis 
XV., and I was not a little surprised to observe upon 
its surface in black letters the inscription Benedic- 

TUM SIT NOMEN DeI. 

The most surprising form of this experiment i» 
when we use a coin from which the inscription has 
been either wholly obliterated, or obhterated in such 
a degree as to be illegible. When such a coia is laid 



REASINQ COINS IN THE SAKK. Ill 

wpon the red-hot iron, the letters and figures become 
oxidated, and the film of oxide, radiating more pow- 
erfully than the rest of the coin, will be more lnniinoo< 
than the rest of the coin, and the illegible inscription 
may be now distinctly read, to the great surprise of 
the observer, who had examined the blank aurface 
of the coin previous to its being placed upon the 
hot iron. The different appearances of the same 
coin, according as the raised parts are polished or 
roughened, are shown in Fig. 33 aM 34. 



Fig. S3. 



Fig. 34. 




In order to explain the cause of these remarkable 
effects, we must notice a method which has been 
long known, though never explained, of deciphering 
the inscriptions on worn-out coins. This is done 
Iry merely placing the coin upon a hot iron: — 
An oxidation takes place over the whole surface of 
the coin, the film of oxide changing its tint with the 
intensity or continuance of the heat. The parts, 
however, where the letters of the inscription had 
existed, oxidate at a different rate from the surround- 
ing parts, so that these letters exhibit their shape, 
and become legible in consequence of the film of 
oxide which covers them having a different thick- 
ness, and therefore reflecting a different tint from 
ibat of the adjacent parts. The tints thus developed 
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sometimes pass through many orders of brilHant 
colours, particularly pink and green, and settle in a 
bronze, and sometimes a black tint, resting upon the 
inscription alone. In some cases the tint left on the 
trace of the letters is so very faint that it can just 
be seen, and may be entirely removed by a slight 
rub of the finger. 

When the experiment is often repeated with the 
same coin, and the oxidations successively removed 
after each experiment, the film of oxide continues 
to diminish, and at last ceases to make its appear- 
ance. It recovers the property, however, in the 
course of time. When the coin is put upon the hot 
iron, and consequently when the oxidation is the 
greatest, a considerable smoke arises from the coin, 
and this diminishes like the film of oxide by frequent 
repetiticm. A coin which had ceased to emit this 
smoke smoked slightly after having been exposed 
twelve hours to the air. I have found from nume- 
rous trials that it is always the raised parts of the coin, 
and in modem coins the elevated ledge round the 
inscription, that become first oxidated. In an Eng- 
lish shilling of 1816 this ledge exhibited a brilliant 
yellow tint before it appeared on any other part of 
the coin. 

If we use a uniform and homogeneous disk of 
silver that has never been hammered or compressed, 
its surface will oxidate equally, provided all its parts 
are equally heated. In the process of converting 
this disk into a coin, the sunk parts have obviously 
been most compressed by the prominent parts of the 
die, and the elevated parts lecLst compressed, the metal 
being in the latter left, as it were, in its natural state. 
The raised letters and figures on a coin have there- 
fore less density than the other parts, and these parts 
oxidate sooner or at a lower temperature. When 
the letters of the legend are worn off by friction, the 
parts immediately below them have also less density 
than the surrounding metal, and the site, as it were, 
of the letters therefore receive from heat a degree 
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of oxidation, and a colour different from that of the 
surrounding surface. Hence we obtain an explana- 
tion of the revival of the invisible letters by oxidation. 

The same influence of difference of density may 
be observed in the beautiful oxidations which are 
produced on the surface of highly polished steel, 
heated in contact with air, at temperatures between 
430° and 630° of Fahrenheit.* When the steel has 
hard portions called pins by the workmen, the uni- 
form tint of the film of oxide stops near these hard 
portions, which always exhibit colours different 
from those of the rest of the mass. These parts, 
on account of their increased density, absorb the 
oxygen of atmospheric air less copiously than the 
surrounding portions. Hence we see the cause 
why steel expanded by heat absorbs oxygen, which, 
when united with the metal, forms the coloured 
superficial film. As the heat increases, a greater 
quantity of oxygen is absorbed, and the film increases 
in thickness. 

These observations enable us to explain the 
legibility of inscriptions in the dark, whether the 
coin is in a perfect state, or the letters of it worn 
off. All black or rough surfaces radiate light more 
copiously than polished or smooth surfaces, and 
hence the inscription is luminous when it is roughs 
and obscure when it is polished, and the letters cov- 
ered with black oxide are more luminous than the 
adjacent parts, on account of the superior radiation 
of light by the black oxide which covers them. 

By the means now described invisible v^nriting 
might be conveyed by impressing it upon a metallic 
surface, and afterward erasing it by grinding and pol- 
ishing that surface perfectly smooth. When exposed 
to a proper degree of heat, the secret would display 
itself vmtten in oxidated letters. Many amusing 
experiments might be made upon the same principle, 

* 3m Edwikwrgh Sfwydopadia^ Art. Stml, voL xtUL p. 387< 
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A series of curious and sometimes alarming de- 
ceptions arises from the representation of objects 
in perspective upon a plane surface. One of the 
most interesting of these depends on the principles 
which regulate the apparent direction of the eyes 
in a portrait. Dr. Wollaston has thought this sub- 
ject of sufficient importance to be treated at some 
length in the Philosophical Transactions. When 
we look at any person, we direct to them both our 
face and our eyes, and in this position the circular 
iris will be in the middle of the white of the eye- 
ball, or, what is the same thing, there will be the 
same quantity of white on each side of the iris. 
If the eyes are now moved to either side, while the 
head remains fixed, we shall readily judge of the 
change of their direction by the greater or les* 
quantity of white on each side of the iris. This 
test, however, accurate as it is, enables us only to 
estimate the extent to which the eyes deviate in 
direction from the direction of the face to which 
they belong. But their direction in reference to 
the person who views them is entirelya different 
matter ; and Dr. Wollaston is of opimon, that we 
are not guided by the eyes alone, out are uncon- 
sciously aided by the concurrent position of the en- 
tire face. 

If a skilful painter draws a pair of eyes with 
great correctness directed to the spectator, and de- 
viating from the general position of the face as 
much as is usual in good portraits, it is very diffi- 
cult to determine their direction, and they will ap- 
pear to have different directions to different persons. 
But, what is very curious. Dr. Wollaston has shown 
that the same pair of eyes may be made to direct 
themselves either to or from the spectator by the 
addition of other features in which the position of 
the face is changed. Thus, in Fig. 36, .the pair of 
eyes are looking intently at the spectator^ and the 
face has a corresponding^ direction ; but when we 
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cover up the face in Fig^. 25 with the face in Pig, 
86, which looks to the right, the eyes chan^ their 
direction, and look to the right also. In like manner, 
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wts drawn originally to look a little to the right or 
the left of the spectator may be made to look directly 
Kt him by addiiw suitable features. 

The nose is obviously the principal feature which 
^oduces this change of direction, as it is more sub- 
ject to change of perspective than any of the other 
features ; but Dr. WoUaston has shown, by a very 
accurate experiment, that even a small portion of 
the nose introduced with the features will carry 
the eyes along with it. He obtained four exact 
copies of the same pair of eyes looking at the spec- 
tator, by transferring them upon copper from a steel 
plate, and having added to each of two pair of them 
a nose in one case directed to the right, and in the 
other, to the left, and to each of the other two pairs 
ft very small portion of the upper part of the nose. 
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aU the foQT pair of eyes lost their front direction, and 
looked to tae right or to the left, according to the 
direction of the noae, or of the portion of it wliich 
was added. 

But the effect thus produced is not limited, as 
Di. WoUaston remarks, to the mere change in the 
direction of the eyes ; " for a total diiference of 
character may be given to the same eyes bv a due 
representation of the other features. A lost look of 
devout abstraction in an uplifted countenance may 
be exchanged for an appearance of inquisitive arch- 
ness in the leer of a younger face turned downwards 
and obliquely towards th^ (^posite side," as in Fig. 
27, 88. This, bowfever, is perhaoa not an exact ex- 

f%. 37. 
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pression of the fact. The new character which is 
said to be given to the eyes is given only to the eyes 
in combination with the new features, or, what is 
probably more correct, the inquisitive archness is in 
the other features, and the eye does not belie it. 

Dr. WoUaston has not noticed the converse of 
these illusions, in which a change of direction is 
given to fixed features by a change in the direction 
of the eyes. This effect is finely seen in some magic- 
lantern sliders, where a pair of eyes is made to move 
in the head of a figure which invariably follows the 
motion of the eyeballs. 

Having thus determined the influence which the 
general perspective of the face has upon the appa- 
rent direction of the eyes in a portrait. Dr. WoUaston 
applies it to the explanation of the well-known fact, 
that when the eyes of a portrait look at a spectator 
in front of it they will follow him, and appear to look 
at him in every other direction. This curious fact, 
which has received less consideration than it merits, 
has been often skilfully employed by the novelist, 
in alarming the fears or exciting the courage of his 
hero. On returning to the hall of his ancestors, 
his attention is powerfully fixed on the giim por- 
traits which surround him. The parts which they 
have respectively performed in the family history 
rise to his mind : his own actions, whether good or 
evil, are called up in contrast, and as the preserver 
or the destroyer of his line, he stands, as it were, in 
judgment before them. His imagination, thus ex- 
cited by conflicting feelings, transfers a sort of vital- 
ity to the canvass, and if the personages do not *' start 
from their frames,'* they will at least bend upon him 
their frowns or their approbation. It is in vain that 
he tries to evade their scrutin^r. Wherever he goes 
their ejres eagerly pursue him; — ^they will seem 
even to' look at him over their shoulders, and he 
will find it impossible to shun their gaze but by quit- 
ting the apartment. 
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As the spectator in this case changes his position 
in a horizontal plane, the effect which we have de- 
scribed is accompanied by an apparent diminution 
in the breadth of the human face, from only seven 
or eight inches till it disappears at a great obli- 
quity. In moving, therefore, from a front view to 
the most oblique view of the face, the change in its 
apparent breadth is so slow that the apparent motion 
of the head of the figure is scarcely recognised as 
it follows the spectator. But if the perspective 
figure has a great breadth in a horizontal plane, 
such as a solcUer firing his musket, an artilleryman 
his piece of ordnance, a bowman drawing his bow, 
or a lancer pushing his spear, the apparent breadth 
of the figure will vary from five to six feet or up- 
wards tifl it disappears, and therefore the change of 
apparent magnitude is sufficiently rapid to give the 
figure the dreaded appearance of turning round, and 
following the spectator. One of the best examples 
of this must have been often observed in the fore- 
shortened figure of a dead body lying horizontally, 
which has the appearance of following the observer 
with great rapidify, and turning round upon the head 
as the centre of motion. 

The cause of this phenomenon is easily explained. 
Let us suppose a portrait with its face and its eyes 
directed straight in front, so as to look at the spec- 
tator. Let a straight line be drawn through the tip 
of the nose and hSf-way between the eyes, which 
we shall call the middle line. On each side of this 
middle line there will be the same breadth of head, 
of cheek, of chin, and of neck, and each iris will be 
in the middle of the whole of the eye. If we now 
go to one side, the apparent horizontal breadth of 
every part of the head and face will be diminished, 
but the parts on each side of the middle line will be 
diminished equaUy; and at any position, however 
obUque, there will be the same breadth of face on 
esLch side qi the middle line, and the iris wiU be in 
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the centre of the whole of the eyeball, so that the 
portrait preserves all the characters of a figure look- 
ing at the spectator, and must necessarily do so 
wherever he stands. 

This explanation might be illustrated by a picture 
which represents three artillerymen, each firing a 
piece of ordnance in parallel directions. Let the 
gun of the middle one be pointed accurately to the 
eye of the spectator, so that he sees neither its right 
side nor its left, nor its upper nor its under side, 
but directly down its muzzle, so that if there was an 
opening in the breech he would see through it. In 
like manner, the spectator will see the left side of 
the gun on his left-hand, and the right side of the 
gun on his right-hand. If the spectator now changes 
his place, and takes ever such an obhque position, 
either laterally or vertically, he must still see the 
same thing, because nothing else is presented to his 
view. The gun of the middle soldier must always 
point to his eye, and the other guns to the right 
and left of him. They must therefore all three 
seem to move as he moves, and follow his eye in 
all its changes^ of place. The same observations 
are of course applicable io buildings and streets seen 
in perspective. 

In common portraits the apparent motion of the 
head is generally rendered indistinct by the canvass 
being imperfectly stretched, as the slightest con- 
cavity or convexity entirely deforms the face when 
the obliquity is considerable. The deception is 
therefore best seen when the painting is executed on 
a very flat board, and in colours sufficiently vivid to 
represent every line in the face with tolerable dis- 
tinctness at great obliquities. This distinctness of 
outline is indeed necessary to a satisfactory exhibi- 
tion of this optical illusion. The most perfect ex-, 
hibition, indeed, that I ever saw of it was in the case 
of a painting of a ship upon a sign-board executed 
in strongly gilt lines. It contained a view of the 
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stern and side of a ship in the stocks, and, owingf 
to the flatness of the board and the brightness of the 
lines, the gradual development of the figure from 
the most violent foreshortening at great obliquities 
till it attained its perfect form was an effect which 
surprised every person that saw it. 

The only other optical illusion which our limits 
will permit us to explain is the very remarkaUe 
experiment of what may be truly called breathing 
light or darkness. Let S be a candle where light 
fSls at an angle of 56° 45' upon two glass plates 
A, B, placed close to each other, and let Uie reflected 
rays AC, BD, fall at the same, angle upon two sim- 
ilar plates C, D, but so placed that the plsne of re- 
flection from the latter is at right angles to the plane 
of reflection from the former. An eye placed at E, 

Fig. 29. 




and looking at the same time into the two plates 
C and D, will see very faint images of the candle 
S, which by a slight adjustment of the plates may 
be made to disappear almost wholly. Allowing the 
plate C to remain as it is, change the position of D 
till its inclination to the ray BD is diminished about 
3i°, or made nearly 53° 11'. When this is done, 
the image that had disappeared on looking into D 
will be restored so that the spectator at E, upon 
looking into the two mirrors C, D, will see no light 
in C, because the candle has nearly disappeared, 
while the candle is distinctly seen in D. If, while 
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the spectator is looking into these two mirrors, 
either he or another person breathes upon them 
gently and quickly, the breath will revive the extin- 
guished image in C, and will extinguish the visible 
image in D. The following is the cause of this sin- 
gular result. The light AC, BD, is polarized by re- 
flection from the plates A, B, because it is incident 
at the polarizing angle of 56° 45' for glass. When 
we breathe upon the plates C, D, we form upon their 
surface a thin film of water, whose polarizing angle 
is 53° 11', so that if the polarized rays AC, BD, 
fell upon the plates C, D, at an angle of 53° 11', the 
candle from which they proceeded would not be vis- 
ible, or they would not suffer reflection from the 
plates G, D. At all other angles the light would be 
reflected and the candles visible. Now the plate D 
is placed at an angle of 53° 11', and C at an angle of 
56° 45', so that when a film of water is breathed 
upon them the light will be reflected from the latter, 
and none from the former : that is, the act of breath- 
ing upon the plates will restore the invisible and 
extinguish the visible image. 

li 
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LETTER VI. 

Nataral Phenomena marked with the Manrelloos— Spectre ofjhe Brocken 
described— Analogous Phenomena— Aerial Spectres seen in Comber- 
land— Fata Morgana in the Straits of Messina— Objects below the 
Horizon ndsedand magnified by Refhustion— Singular Example seen at 
Hastings-T-Dover Castle seen through the Hill on which it stand*— 
Erect and inverted Images of distant Ships seen in the Air— Similar Pho^ 
nomena seen in the Arctio Regions— Enchanted Coast— Mr. Sooresbj 
recognises his Father's Ship by its aerial Image — Images of Cows seea 
in the Air— Inverted Images of Horses seen in South America- Latend 
Images produced by Refraction— AerialBpectres by Reflection— Ezphna- 
tion of the preceding Phenomena. 

Among the wonders of the natural world which 
are every day presented to us, without either ex- 
citing our surprise or attracting our notice, some 
are occasionally displayed which possess all the 
characters of supernatural phenomena. In the xiames 
by which thejr are familiarly known, we recognise 
the terror which they inspired, and even now, when 
science has reduced them to the level of natural 
phenomena, and developed the causes from which 
they arise, they stiU retain their primitive import- 
ance, and are watched by the philosopher with as 
intense an interest as when they were deemed the 
immediate effects of divine power. Among these 
phenomena we may enumerate the Spectre of the 
Brocken, the Fata Morgana of the Straits of Messina, 
the Spectre Ships which appear in the air, and the 
other extraordinary effects of the Mirage.* 

The Brocken is the name of the loftiest of the 

* In the Sanscrit, says Baron Humboldt, the phenomenon of the Mi- 
raife is called Mriga Trichna^ " thirst or desire of the antelope," no doubt 
because this animal Mriga, compelled by thirst, Trie/may approachen 
those barren plains where, from the effect of unequal reft^ction, he thinks 
he perceives the undulating surface of the waters.^Per«onaZ J^arrative, 
vol. iu. p. 56i, 
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Hartz Mountains, a picturesque range which lies 
in the kingdom of Hanover. It is* elevated 3300 
feet above the sea, and commands the view of a 
plain seventy leagues in extent, occupying nearly 
the 200th part of the whole of Europe, and ani- 
mated with a population of above five milUons of 
inhabitants. From the earliest periods of authen- 
tic history, the Brocken has been the seat of the 
marvellous. On its summits are stiU seen huge 
blocks of granite, called the Sorcerer's Chair and 
the Altar. A spring of pure water is known by the 
name of the Magic Fountain, and the anemone of 
the Brocken is distinguished by the title of the 
Sorcerer's Flower. These names are supposed to 
have originated in the rites of the great idol Cor- 
tho, whom the Saxons worshipped in secret on the 
summit of the Brocken, when Christianity was ex- 
tending her benignant sway over the subjacent plains. 
As the locality of these idolatrous rites, the 
Brocken must have been much frequented, and we 
can scarcely doubt that the spectre which now so 
often haunts it at sunrise must have been observed 
from the earliest times ; but it is nowhere mentioned 
that this phenomenon was in any way associated 
with the objects of their idolatrous worship. One 
of the best accounts of the spectre of the Brocken 
is that which is given by M. Haue, who saw it on 
the 23d of May, 1 797. After having been on the sum- 
mit of the mountain no less than thirty times, he had 
at last the good fortune of witnessing the object of 
his curiosi^. The sun rose about four o'clock in 
the morning through a serene atmosphere. In the 
south-west, towards Achtermannshohe, a brisk west 
wind carried before it the transparent vapours, which 
had not yet been condensed into thick heavy clouds. 
About a quarter past four he went towards the inn, 
and looked round to see whether the atmosphere 
woutd afford him a free prospect towards the south- 
west, when he observed at a very gce^t ^safcss^^^ 
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towards Achtermannahohe, a human G^ie of a mon- 
strous size. His hat, having been almost carried 
away by a violent gust of wind, he suddenly raised 
his hand to hia head, to protect his hat, and the co- 
lossal figure did the aamo. He immediately made an- 
other movement by bending his body, — an action 
which was repeated by the spectral i^re. M. 
Haue was desirous of making further experiments, 
but the figure disappeared. He remained, however, 
in the same position, expecting its return, and in a few 
minutes it again made its appearance on the Ach- 
temiannshohe, when it mimicked his gestures as 
before. He then called the landlord of the irai, 
and having both taken the same position which he 
had before, they looked towards the Achtermann- 
shohe but saw nothii^. In a very short space of 
time, however, two colossal figures were formed 
over the above eminence ; and after bending their 
bodies and imitating the gestures of the two spec- 
tators, they disappeared. Retaining their position, 




and keeping their eyes still fixed upon the same 
spot, the two gi^:antic spectres again stood before 
them, and aert joined hy a third. Every movemeut 
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that they made was imitated by the three figures, ' 
but the effect varied in its intensity, being sometimes 
weak and faint^ and at other times strong and well 
defined. 

In the year 1798 M. Jordan saw the same phe- 
nomenon at sunrise, and under similar circum- 
stances, but with less distinctness, and without any 
duplication of the figures.* 

Phenomena perfectly analogous to the preceding, 
though seen under less imposing circumstances, 
have been often witnessed. When the spectator 
sees his own shadow opposite to the sun upon a mass 
of thin fleecy vapour passing near him, it not only 
imitates all his movements, but its head is distinctly 
encircled with a halo of light. The aerial figure is 
often not larger than hfe, its size and its apparent 
distance depending, as we shall afterward ^ee, upon 
particular causes. I have often seen a similar 
shadow when bathing in a bright summer's day in 
an extensive pool of deep water. When the fine 
mud deposited at the bottom of the pool is disturbed 
by the feet of the bather, so as to be disseminated 
through the mass of water in the direction of his 
shadow, his shadow is no longer a shapeless mass 
formed upon the bottom, but is a regular figure formed 
upon the floating particles of mud, and having the 
head surrounded with a halo, not only luminous, but 
consisting of distinct radiations. 

One of the most interesting accounts of aerial 
spectres with which we are acquainted has been 
given by Mr. James Clarke, in. his Survey of the 
Lakes of Cumberland, and the accuracy of this ac- 
count was confirmed by the attestations of two of 
the persons by whom the phenomena were first 
seen. On a summer's evening in the year 1743, 
when Daniel Stricket, servant to John Wren of 

♦See J. p. Gmelitfi Gottrngischm Journal, der WmcncAoften, vol. 
LpartiM.I7M. L2 
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Wilton Hall, was fidtting at the door alongf with 
his master, they saw the figure of a man with a 
dog pursuing some horses along Souterfell side, a 
place so extremely steep that a horse could scarcely 
travel upon it at all. The figures appeared to nm 
at an amazing pace, till they got out of sight at 
the lower end of the fell. On the following morn- 
ing Stricket and his master ascended the steep 
side of the mountain, in the full expectation of 
finding the man dead, and of picking up some of the 
shoes of .the horses, which they thought must have 
been cast while galloping at such a furious rate. 
Their expectations, however, were disappointed. 
No traces either of man or horse could be found, 
and they could not even discover upon the turf the 
single mark of a horse's hoof. These strange ap« 
pearances, seen at the same time by two diSferent 
persons in perfect health, could not fail to make a 
deep impression on their minds. They at first con* 
cealed what they had seen, but they at length dis* 
closed it, and were laughed at for their credulity. 

In the following year, on the 23d June, 1744, 
Daniel Stricket, who was then servant to Mr. Lan- 
caster of Blakehills (a place near Wilton Hall, and 
both of which places are only about a half a mile 
from Souterfell) was walking, about seven o'clock 
in the evening, a little above the house, when he 
saw a troop of horsemen riding on Souterfell side 
in pretty close ranks and at a brisk pace. Recol* 
lecting the ridicule that had been cast upon him 
the preceding year, he continued to observe the 
figures for some time in silence ; but being at last 
convinced that there could be no deception in the 
matter, he went to the house and informed his 
master that he had something curious to show him. 
They accordingly went out together; but before 
Stricket had pointed out the place, Mr. Lancas- 
ter's son had discovered the aerial figures. The 
family was then sununoned to the spot, and the 
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phenomena were seen alike by them all. The eques- 
trian figures seemed to come from the lowest 
parts of Souterfell, and became visible at a place 
called Knott. They then advanced in regular troops 
along the side of the fell, till they came opposite 
to Blakehills, when they went over the mountain, 
after describing a kind of curvilineal path. The 
pace at which the figures moved was a regular 
swift walk, and they continued to be seen for up- 
wards of two hours, the approach of darkness alone 
preventing them from being visible. Many troops 
were seen in succession; and frequently the last 
but one in a troop quitted his position, galloped to 
the front, and took up the same pace with the rest. 
The changes in the figures were seen equally by all 
the spectators, and the view of them was not con- 
fined to the farm of Blakehills only, but they were 
seen by every person at every cottage within the 
distance of a mile, the number of persons who saw 
them amounting to about twenty-six. The attesta- 
tion of these facts, signed by Lancaster and Stricket, 
bears the date of the 21st jfuly, 1785. 

These extraordinary sights were received not 
only with distrust but with absolute increduhty. 
They were not even honoured with a place in the 
records of natural phenomena, and the philosophers 
of the day were neither in possession of analogous 
facts, nor were they acquainted with those principles 
of atmospherical refraction upon which they depend. 
The straiige phenomena, indeed, of the Fata Mor- 
gana, or the Castles of the Fairy Morgana, had been 
long before observed, and had been described by 
Kircher .in the 17th century, but they presented 
nothing so mysterious as the aerial troopers of Sou- 
terfell; and the general characters of the two phe- 
nomena were so unlike that even a philosopher 
might have been excused for ascribing them to dif- 
ferent causes. 

This singular exhibition has been freouently seen 
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in the Straits of Messina, between Sicily and the 
coast of Italy ; and whenever it takes place the peo- 
ple in a state of exultation, as if it were not oi&y a 
pleasing but a lucky phenomenon, hurry down to the 
sea, exclaiming Morgana, Morgana. When the rays 
of the rising sun form an angle of 45^ on the sea of 
Reggio, and when the surface of the water is per- 
fectly unruffled either by the wind or the current, a 
spectator placed upon an eminence in the city, and 
having his back to the sun and his face to the sea, 
observes upon the surface of the water superb 
palaces with their balconies and windows, lofty 
towers, herds and flocks grazing in wooded valleys 
and fertile plains, armies of men on horseback and 
on foot, with multiplied fragments of buildings, such 
as columns, pilasters, and arches. These objectg 
pass rapidly in succession along the surface of the 
sea during the brief period of their appearance. The 
various objects thus enumerated are pictures of 
palaces and buildings actually existing on shore, and 
the living objects are of course only seen when they 
happen to form a part of the general landscape. 

If at the time that these phenomena are visible 
the atmosphere is charged with vapour or dense ex- 
halations, the same objects which are depicted upon 
the sea will be seen also in the air, occupyii^ a 
space which extends from the surface to the height 
of twenty-five feet. These images, however, are 
less distinctly delineated than the former. 

If the air is in such a state as to deposite dew, and 
is capable of forming the rainbow, the objects will 
be seen only on the surface of the sea, but they all 
appear fringed with red, yellow, and blue Ught, as if 
they were seen through a prism. 

In our own country, and in our own times, facts 
still more extraordinary have been witnessed. From 
Hastings, on the coast of Sussex, the cliffs on the 
French coast are fifty miles distant, and they are 
actually hid by the convexity of the earth ; that is, a 



OBJECTS BELOW THE HORIZON MAGNIFIEI). 129 

straight line drawn from Hastings to the French coast 
would pass through the sea. On Wednesday the 
26th July, 1798, about five o'clock in the afternoon, 
Mr. Latham, a Fellow of the Royal Society, then 
residing at Hastings, was surprised to see a crowd 
of people running to the seaside. Upon inquiry 
into the cause of this, he learned that the coast of 
France could be seen by the naked eye, and he im- 
mediately went down to witness so singular a sight. 
He distinctly saw the cliffs extending for some 
leagues along the French coast, and they appeared 
as if they were only a few miles off. They gradu- 
ally appeared more and more elevated, and seemed 
to approach nearer to the eye. The sailors vnth 
whom Mr. Latham walked along the water's edge 
were at first unwilling to believe in the reality of 
the appearance, but they soon became so thoroughly 
convinced of it that they pointed out and named to 
him the different places which they had been accus- 
tomed to visit, and which they conceived to be as 
near as if they were sailing at a small distance into 
the harbour. These appearances continued for 
nearly an hour, the chffs sometimes appearing 
brighter and nearer, and at other times fainter and 
more remote. Mr. Latham then went upon the 
eastern cliff or hill, which is of considerable height, 
when, as he remarks, a most beautiful scene pre- 
sented itself to his view. . He beheld at once Dun- 
geness, Dover Cliffs, and the French coast all along 
from Calais, Boulogne, &c. to St. Yallery, and, as 
some of the fishermen affirmed, as far west as 
Dieppe. With the help of a telescope, the French 
fishing-boats were plainly seen at anchor, and the 
different colours of the land upon the heights, 
together with the buildings, were perfectly discerni- 
ble. Mr. Latham hkewise states that the cape of 
land called Dungeness, which extends nearly two 
miles into the sea, and is about sixteen miles in a 
straight line from Hastings, appeared as if quite 
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close to it, and the vessels and fishing'-boats wtdcb 
were sailing between the two places qipeared 
equally near, and were magnified to a high degree. 
These curious phenomena continued " in the highest 

ailendour" till past eight o'clock, although a black 
oud had for some time totally obscured the face of 
the sun. 

A phenomenon no less marvellous was seen bj 
Professor Vince of Cambridge and another gentle- 
man on the 6th August, 1806, at Ramsgate. The 
summits tnaxy of the four turrets of Dover Castle 
Fiff. 31. 




are usually seen over the hill AB, upon which it 
stands, lying between Ramsgate and Dover ; but on 
the day above mentioned, at seven o'clock in the 
evening, when the air was very still and a little 
hazy, not only were the tops wtxy of the four 
towers of Dover Castle seen over the adjacent hiH 
AB, ha the wht^e of the castle mnrs appeared as if it 
were situated on the side of the hiii next Ramssate, and 
rising above the hill as much as usual. This phe- 
nomenon was so very singular and unexpected that 
at first sight Dr. Vince thought it an illusion ; trat 
upon continuing his observations, he became satis- 
fied that it was a real image of the castle. Upon 
this he gave a telescope to a person present, who, 
upon titentive examination, saw also a very cImt 
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image of the castle, as the doctor had described it. 
He continued to observe it for about twenty minutes, 
during wliich time the appearance remained pre- 
cisely the same ; but rain coming on, they were pre- 
vented from making any further observations. Be- 
tween the observers and the land from which the 
hill rises, there was about six miles of sea, and from 
thence to the top of the hill there was about the 
same distance. Their own height above the sur- 
face of the water was about seventy feet. 

This illusion derived great force from the remark- 
able circumstance that the hill itself did not appear 
through the image, as it might have been expected 
to do. The image of the castle was very strong 
and well defined, and though the rays from the hill 
behind it must undoubtedly have come to the eye, 
yet the strength of the image of the castle so far 
obscured the background that it made no sensible 
impression on the observers. Their attention was, 
of course, principally directed to the image of the 
castle ; but if the hill behind had been at S\l visible. 
Dr. Vince conceives that it could not have escaped 
their observation, as they continued to look at it 
for a considerable time with a good telescope. 

Hitherto our aerial visions have been seen only 
in their erect and natural positions, either projected 
against the ground or elevated in the air ; but cases 
have occurred in which both erect and inverted 
images of objects have been seen in the air, some- 
times singly, sometimes combined, sometimes when 
the real object was invisible, and sometimes when a 
part of it had begun to show itself to the spectator. 

In the year 1793, Mr. Huddart, when residing at 
AUonby, in Cumberland, perceived the inverted 
image of a ship beneath the image, as shown in Fiff. 
32 ; but Dr. Vince, who afterward observed this 
phenomenon under a greater variety of forms, foimd 
that the ship which was here considered the real 
one was only an erect image of the real ship, which 
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was at the time beneath the horizon, and wholly n 
visible. 

Fig. 32. 
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In August, 1798, Dr. Vince observed a great va- 
riety of these aerial images of vessels approaching 
the horizon. Sometimes there was seen only one 
inverted image above the real ship, and this was 
generally the case when the real ship was full in 
view. But when the real ship was just beginning, 
to show its top-mast above the horizon, as at A, 
Fig. 33, two aerial images of it were seen, one at 
B inverted, and the other in its natural position at 
C. In this case the sea was distinctly visible be- 
tween the erect and inverted images, but in other 
cases the hull of the one image was immediately 
in contact with the hull of the other. 

Analogous phenomena were seen by Captain 
Scoresby when navigating with the ship Baffin the 
icy sea in the immediate neighbourhood of West 
Greenland. On the 28th of June, 1820, he observed 
about eighteen sail of ships at the distance of ten 
or fifteen mUes. The sun had shone during the day 
without the interposition of a cloud, and his rays 
were peculiarly powerful. The intensity of its light 
occasioned a painful sensation in the eyes, while its 
heat softened the tar in the rigging of the ship, and 
melted the snow on the surroundmg ice with such 
rapidity that pools of fresh water were formed on 
almost ever^ place, and thousands of rills' carried 
the excess into the sea. There was scarcely a 
breath of wind : the sea was as smooth as a mirror. 
The surrounding ice was crowded together, and ex- 
hibited every variety, from the sm^est lumps to 
the most magnificent sheets. Bears traversed the 
fields and floes in unusual numbers, and many 
whales sported in the recesses and openings among 
the drift ice. About six in the evening, a light 
breeze at N.W. having sprung up, a thin stratus or 
** fog bank," at first consider23)ly illuminated by the 
sun, appeared in the same quarter, and gradually rose 
to the altitude of about a quarter of a degree. At 
this time most of the ships navigatii^ at the di&tas^sA. 
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of ten or fifteen miles began to change their form and 
magnitude, and when examined by a telescope from 
the mast-head exhibited some extraordinary appear- 
ances, which differed at almost every point of the 
compass. One ship had a perfect image, as dark 
. and distinct as the original, united to its mast-head 
in a reverse position. Two others presented two 
distinct inverted images in the air, one of them a 
perfect figure of the original, and the other wanting 
the hull. Two or threie more were strangely dis- 
torted, their masts appearing of at least twice their 
proper height, the top-gallant-mast forming one half 
of the total elevation, and other vessels eidiibited an 
appearance totally different from all the preceding, 
being, as it were, compressed in place of elongated. 
Their masts seemed to be scarcely one-half of their 
proper altitude, in consequence of which one would 
have supposed that they were greatly heeled to one 
side, or in the position called careening. Along with 
all the images of the ships a reflection of the ice, 
sometimes in two strata, also appeared in the air, 
and these reflections suggested the idea of cliffs com- 
posed of vertical columns of alabaster. 

On the 15th, 16th, and 17th of the same month, 
Mr. Scoresby observed similar phenomena, some- 
times extending continuously through half the cir- 
cumference of the horizon, and at other times ap- 
pearing only in detached spots in various quarters. 
The inverted images of distant vessels were often 
seen in the air, whUe the ships themselves were far be- 
yond the reach of vision. Some ships were elevated 
to twice their proper height, while others were com- 
pressed almost to a line. Hummocks of ice were 
surprisingly enlarged, and every prominent object in 
a proper position was either magnified or distorted. 

But of all the phenomena witnessed by Mr. 
Scoresby, that of the Enchanted Coast, as it may 
be called, must have been the most remarkable. 
Tbjs singular effect was seen on the 18th July, when 
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flie sky -was clear, and a tremulous and perfectly 
transparent vapour was particularly sensible and 
profuse : — At nine o'clock in the morning, when the 
phenomenon was first eeen, the thermometer stood 
ttt 42° Fahr. ; but in the preceding evening it must have 
been greatly lower, as the sea was in many places 
covered witn a considerable pellicle of new ice, — a 
circumstance which in the very warmest time of the 
year must be considered as quite extraordinary, es- 
pecially when it is known that 10° farther to the north 
no freezing of the sea at this season had ever before 
been observed. Having approached on this occasion 
80 near the unexplored shore of Greenland that the 
land appeared distinct and bold, Mr. Scoresby was 
enxiouB to obtain a drawing of it, but on making the 
attempt he found that the outline was constantly 
changing, and he was induced to examine the coast 
with a telescope, and to sketch the various appear- 
ances which presented themselves. These are 
shown, without any regajd to their proper order, in 
Fig. 34, which we shall describe in Mr. Scoreeby's 
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abounding with the rains of castles, obelisks, 
churches, and monuments, with other large and con- 
spicuous buildings. Some of the hills seemed to be 
surmounted by turrets, battlements, spires, and pin- 
nacles; while others, subjected to one or two re- 
flections, exhibited large masses of rock, apparently 
suspended in the air, at a considerable elevation 
above the actual termination of the mountains to 
which they referred. The whole exhibition was a 
grand phantasmagoria. Scarcely was any particular 
portion sketched before it changed its appearance, 
and assumed the form of an object totally different. 
It was perhaps alternately a castle, a cathedral, or 
an obelisk; then expanding horizontally, and coa- 
lescing with the adjoining hills, united the interme- 
diate valleys, though some miles in width, by abridge 
of a single arch, of th^ most magnificent appear* 
ance and extent. Notwithstanding these repeated 
changes, the various figures represented in the draw* 
ing had all the distinctness of reality ; and not only 
the different strata, but also the veins of the rocks, 
with the wreaths of snow occupjring ravines and fis- 
sures, formed sharp and distinct lines, and exhibited 
every appearance of the most perfect soUdity." 

One of the most remarkable facts respecting aerial 
images presented itself to Mr. Scoresby in a later 
voyage, which he performed to the coast of Green- 
land in 1822. Having seen an inverted imaf e of a 
ship in the air, he directed to it his telescope The was 
able to discover it to be his father's ship, which was 
at the time below the horizon. " It was," says he, 
" so well defined, that I could distinguish by a tele- 
scope every sail, the general rig of the ship, and its 
particular character ; insomuch that I confidently 
pronounced it to be my father's ship, the Fame, which 
it afterward proved to be; though, on comparing 
notes with my father, I found that our relative po- 
sition, at the time, ^ve a distance from one another 
of very nearly 30 miles, being about seventeen miles 
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beyond the horizon, and some leagues beyond the 
limit of direct vision. I was so struck with the 
peculiarity of the circumstance, that I mentioned 
it to the officer of the watch, stating my full con- 
viction that the Fame was then cruising in the 
neighbouring inlet." 

Several cin-ious effects of the mirage were observed 
by Baron Humboldt during his travels in South 
America. When he was residing at Cumana, he fre- 
quently saw the islands of Picuita and Boracha sus- 
pended in the air, and sometimes with an inverted 
image. On one occasion he observed small fishing- 
boats swimming in the air, during more than three 
or four minutes, above the well-defined horizon of 
the sea, and when they were viewed through a tele- 
scope, one of the boats had an inverted image ac- 
companying it in its movements. This distinguished 
traveller observed similar phenomena in the barren 
steppes of the Caraccas, and on the borders of ;the 
Orinoco, where the river is surrounded by sandy 
plains. Little hills aijd chains of hills appeared sus- 
pended in the air, when seen from the steppes, at 
three or four leagues' distance. Palm-trees standing 
single in the Llanos appeared to be cut off at bottom, 
as if a stratum of air separated them from the 
ground ; and, as in the African desert, plains desti- 
tute of vegetation appeared to be rivers or lakes. 
At the Mesa de Pavona M. Humboldt and M. Bon- 
pland saw cows suspended in the air at the distance 
of 1000 toises, and having their feet elevated 3' 20" 
above the soil. In this case the images were erect, 
but the travellers learned fronL good authority that 
inverted images of horses had been seen suspended in 
the air near Calabozo. 

In all these cases of aerial spectres the images 
were directly above the real object ; but a curious 
case was observed by MM. Jurine and Soret on 
the 17th September, 1818, where the image of the 
vessel was on one side of t\ve \^^ w\fe. ^^ssssq^nk^ 
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o^clock P. M. a bark at the distance of about 4000 
toises from Bellerive, on the Lake of Geneva, was 
seen approaching to (Jeneva by the left bank of the 
lake, and at the same time an imap^e of the sails 
was observed above the water, which instead of 
following the direction of the bark, separated from 
it and appeared to approach Geneva by the right 
baidc of the lake, the image moving from east to 
west, while the bark moved from north to south. 
When the image first separated from the bark they 
had both the same magnitude, but the image dimin- 
ished as it receded from it, and was reducS to one- 
half when the phenomenon disappeared. 

A 'very unusual example of aerial spectres oc- 
curred to Dr. A. P. Buchan while walking on the 
cliff about a mile to the east of Brighton on the 
morning of the 28th November, 1804. "While 
watching the rising of the sun," says he, " I turned 
my eyes directly towards the sea, just as the solar 
disk emerged from the surface of the water, and saw 
the face of the cliff on which I was standing repre- 
sented precisely opposite to me at some mstsuace 
on the ocean. Calling the attention of my com- 
panion to this appearance, we discerned our own 
figures standing on the summit of the apparent oppo- 
site clifi", as well as the representation of the wind- 
mill near at hand. 

"The reflected images were most distinct pre- 
cisely opposite to where we stood, and the false cliff 
seemed to fade away, and to draw near to the real 
one, in proportion as it receded towards the west. 
This phenomenon lasted about ten minutes, or tiU 
the sun had risen nearly his own diameter above 
the surface of the ocean. The whole then seemed, 
to be elevated into the air, and successively disap- 
peared, giving an impression very similar to that 
which is produced by the drawing up of a drop-scene 
in the theatre. The horizon was cloudy, or per- 
haps it might with more propriety be said that the 
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surface of the sea was covered with a dense fog of 
many yards in height, and which gradually receded 
before the rays of the sun." 

An illusion of a different kind, though not less in- 
teresting, is described by the Reverend Mr. Huglieft 
in his "levels in Greece, as seen from the summit 
of Mount iGtna. *' I must not forget to menliDii)^ 
says he, "one extraordinary phenomenon, which 
we observed, and for which I have searched in vain 
for a satisfactory solution. At the extremity of 
the vast shadow which iEtna projects across tf» 
island, appeared a perfect and distinct ims^ of the 
mountain itself, elevated above the horizon, and 
diminished as if viewed in a concave mirror. Where 
or what the reflection could be which exhibited this 
image I cannot conceive ; we could not be mistaken 
in its appearance, for all our party observed it, and 
we had been prepared for it beforehand by our Cata- 
nian friends. It remained visible about ten minutes, 
and disappeared as the shadow decreased. Mr. Jones 
observed the same phenomenon, as well as some 
other friends with whom I conversed upon the sub- 
ject in England." 

It is impossible to study the preceding phenom- 
ena without being impressed with the conviction, 
that nature is fufi of the marvellous, and that the 
progress of science and the diffusion of knowledge 
are alone capable of dispelling the fears which her 
wonders must necessarily excite even in enlightened 
minds. When a spectre haunts the couch of the 
sick, or follows the susceptible vision of the in- 
valid, a consciousness of indisposition divests the ap- 
parition of much of its terror, while its invisibility 
to surrounding friends soon stamps it with the im- 
press of a false perception. The spectres of the 
conjurer too, however skilfully they may be raised, 
quickly lose their supernatural character, and even 
the most ignorant beholder regards the modem ma- 
gician as but an ordinary manj who borrows from 
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the sciences the best working implements of his 
art. But when, in the midst of solitude, and in 
situations where the mind is undisturbed by sub- 
lunary cares, we see our own image delineated in 
the anr, and mimicking in gigantic perspective the 
tiny Hiovements of humanity ; — when we see troops 
in ^ijMtBiy array performing their evolutions on the 
veiyrace of an almost inaccessible precipice;— 
when in the eye of day a moimtain seems to be- 
come transparent, and exhibits on one side of it a 
casfle which we know to exist only on the other ;— 
when distant objects concealed by the roundness of 
the earth, and beyond the cognizance of the tele* 
scope, are actually transferred over the intervening 
convexity, and presented in its distinct and magnified 
outline to our accinrate examination ; — ^when such 
varied and striking phantasms are seen also by all 
around us, and therefore appear in the character of 
real phenomena of nature, our impressions of su- 
pernatural agency can only be removed by a distinct 
and satisfactory knowledge of the causes which gave 
them birth. 

It is only within the last forty years that science 
has brought these atmospherical spectres within the 
circle of her dominion ; and not only are all their 
phenomena susceptible of distinct explanation, Irat 
we can even reproduce them on a small scale with 
the simplest elements of our optical apparatus. 

In order to convey a general idea of the causes 
of these phenomena, let ABCD, Fig. 35, be a glass 
trough fiUed with water, and let a small ship be 
placed at S. An eye situated about E will see the 
top-mast of the ship S, directly through the plate 
of glass BD. Fix a convex lens a of short ipcuft 
upon the plate of glass BD, and a little ^)Oye a 
straight line SE joining the ship and the eye ; and 
immediately above the convex lens a place a con* 
cave one b. The eye will now see through the 
convex lens a an inverted im^ge of the ship at S\ 
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and through the concave lens h an erect image of 
the ship at S", representing in a general way the 
phenomena shown in Fig. 33. But it will be asked. 

Fig. 35. 




where are the lenses in nature to produce these ef- 
fects? This question is easily answered. If we 
take a tin tube with glass plates at each end, and 
fill it with water, and if we cool it on the outside 
with ice, it will act like a concave lens when the. 
cooling effect has reached the axis ; and, on the otl^er 
hand, if we heat the same tube filled with water* 
on the outside, it will act as a convex glass. In the 
first case the density of the water diminishes towards 
the centre, and in the second it increases towards 
the centre. The very same effects are produced in 
the air, only a greater tract of air is necessary for 
showing the effect produced, by heating and cooling 
it unequally. If we now remove the lenses a, h, and 
hold a heated iron horizontally above the water in 
the trough ABC, the heat will gradually descend, 
expanding or rendering rarer the upper portions ojT 
the fluid. If, when the heat has reached within a 
little of the bottom, we look through the trough at 
the ship S in the direction of ES', we shaU see an 
inverted image at S', and an erect one at S", and if 
we hide from the eye at £ all the shq^ S eiLs^^\$(ss&% 
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the top-mast, we shall have an exact representatkni 
of the phenomenon in Fig. 33. The experiment 
will succeed better with oil in place of water ; and 
the same result may be obtained without heat, by- 
pouring clear syrup into the glass trough till it is 
nearly one-third full, and then filling it up with water. 
The water will gradually incorporate with the s)nrup, 
and pfoduce, as Dr. Wollaston has shown, a regular 
gradation of density, diminishing from that of the pure 
syrup to that of the pure water. Similar effects may 
be obtained by using masses of transparent solids, 
siich as glass, rock salt, &c. 

Now it is easy to conceive how the changes of 
density which we can thus produce artificially may 
be produced in nature. If in serene weather the 
surface of the sea is much colder than the air of the 
atmosphere, as it frequently is, and as it was to a 
very great degree during the phenomena described 
by Mr. Scoresby, the air next the sea will gradually 
become colder and colder, by giving out its heat to 
the water ; and the air immediately above will give 
out its heat to the cooler air immediately below it, 
80 that the air from the surface of the sea to a con- 
siderable height upwards will gradually diminish in 
density, and therefore must produce the very phe- 
nomena we have described. 

The phenomenon of Dover Castle seen on the 
Ramsgate side of the hill was produced by the air 
being more dense near the ground, and above the 
sea, than at greater heights ; and hence the rays pro- 
ceeding from the castle reached the eye in curve 
lines, and the cause of its occupying its natural pO^ 
sition on the hill, and not being seen in the air, wi|^- 
that the top of the hill itself, in consequence df MWf 
ing so near the castle, suffered the same otaij|# 
from the varjdng density of the air, and tfae w foA 
the castle and the hill were equally elevated flid 1^ 
tained their relative positions. The reason wlqfttbi 
image of the castle and the hill appeared erefll|fa% 
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Vkai the ra78 from the top and bottom of the castle 
had not crossed before they reached Ramsgate ; but 
as they met at Bams^te, an eye at a greater dis- 
tance ftom the eastia, and in the path of the rays, 
would have seeB-ttiJ image inverted. This will b» 
better understood fVom the annexed diagram, iFhi«h 
represents the actual progresa of the rays, from s 
ship 8P, concealed from the observar st E^thft- 
eonvexity 4f the earth PQE. A ray proceeding 



Fig.m. 




from the keel of the ship P is refracted into the 
curve line PcxcTi, and a ray proceeding from the 
top-mast S .is refracted in the direction SdxdE, 
the two raya croesing' at x, and proceeding to the 
eye E with the ray from the keel P uppermoat ; 
hence the ship must appear inverted as at sp. Now 
if the eye E of the observer had been placed nearer 
^^e ship, as at x, before the rays crossed, as was the 
Ir'caSB at Ramsgate, it would have seen an erect 
iiBf%9 of the ship raised a little above the real ship 
£P. Hays Sm, Sn, proceeding higher up in the 
air, ara refracted in the directions SmmE, SnnE, 
but d9 not cross before they reach the eye, and 
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fherefore they a£ford the erect image of the ship 
shown at ^'. 

The aenal troopers seen at Souterfell were pro- 
duced by the very same process as the spectre of 
Dover Castle, having been brought by unequal re- 
fraction from one side of the hiU to the other. It 
is not our business to discover how a troop of sol- 
diers came to be performing their evolutions on the 
other side of Souterfell ; but if there was then no 
road along which they could be marching, it is highly 
probable that they were troops exercising among 
the hills in secret previous to the breaking out of the 
rebeUion in 1745. 

The image of the Genevese bark which was seen 
sailing at a distance from the real one arose from 
the same cause as the images of ships in the air, 
with this difference only, that in this case the strata 
of equal density were vertical or perpendicular to 
the water, whereas in the former cases they were 
horizontal or parallel to the water. The state of 
the air which produced the lateral image may be 
produced by a headland or island, or even rocks, 
near the simace, and covered with water. These 
headlands, islands, or sunken rocks, being powerfully 
heated by the sun in the daytime, will heat the air 
immediately above them, while the adjacent air 
over the sea will retain its former coolness and 
density. Hence there will necessarily arise a gra- 
dation of density Yarying in the same horizontal 
direction, or where the fines of equal density are 
vertical. If we suppose the very same state of the 
air to exist in a horizontal plane which exists in a 
vertical plane, in Fig. 36, then the same imag6» 
would be seen in a horizontal hne, viz. an invenried 
one at sp, and an erect one at s'j/. In ^ case 
of the Genevese bark the rays had not crossed be* 
fore they reached the eye, and therefore the image 
was an erect one. Had the real Geneves© bark 
been concealed by some promontory or other 
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from the observation. of BLM. Jurine and Soret, 
they might have attached a supernatural character 
to the spectral image, especially if they had seen it 
gradually decay, and finally disappear on the still 
and unbroken surface of the lake. No similar fact 
had been previously observed, and there were no cii*- 
cumstances in the case to have excited the suspicion 
that it was the spectre of a real vessel produced by 
unequal refraction. 

The spectre of the Brocken and other phenomena 
of the same kind have essentially a different origin 
from those which arise from unequal refraction* 
They are merely shadows of the observer projected 
on dense vapour or thin fleecy clouds, which have 
the power of reflecting much light. They are seen 
most frequently at sunrise, because it is at that time 
that the vapours and clouds necessary for their pro- 
duction are most likely to be generated ; and they 
can be seen only when the. sun is throwing his rays 
horizontally, because the shadow of the observer 
would otherwise be thrown either up in the air, or 
down upon the ground. If there are two persons 
looking at the phenomenon, as When M. Haue and 
the landlord saw it together, each observer will see 
his own image most distinctly, and the head will be 
more distinct than the rest of the figure, because the 
rays of the sun will be more copiously reflected at a 
perpendicular incidence ; and as from this cause the 
light reflected from the vapour or cloud becomes 
fainter farther from the shadow, the appearance of 
a halo round the head of the observer is frtiqliently 
visible. M. Haue mentions the extraordinary cir- 
^' cunistance of the two spectres of him and the land- 
• lord being joined by a third figure, but he unfortu- 
nately does not inform us which of the two figures 
was doubled, for it is impossible that a person could 
have joined tl>eir party unobserved. It is very proba- 
t.^fc that the new spectre forms a natural addition to 
Vji'f^fho group, as we have represented it in Yig. 30| ftad 
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if this was the case, it could only have been pro- 
duced by a duplication of one of the figures pro- 
duced by unequal refraction. . 

The reflected spectre of Dr. Buchan standing upon 
the cliff at Brighton arose from acause to which we 
have not yet adverted. It was obviously no shadow, 
for it is certain from the locality that the rays of 
the sun fell upon the face of the cliff and upon his per- 
son at an angle of about 73° from the perpendicular, 
so as to illuminate them strongly. Now there are 
two ways in which such an image may have been 
reflected, namely, either from strata of air of variable 
density, or. from a vertical stratum of vapour, con- 
sistmg of exceedingly minute globules, of water. 
"Whenever light suffers refraction, either m passing 
at once from one medium into another, or from one 
part of the same medium into another of different 
density, a portion of it suffers reflection. If an ob- 
ject, therefore, were strongly illuminated, a si;^- 
ciently distinct image, or rather shadow of it, might 
be seen by reflection from strata of air of different 
density. As the temperature at which moisture is 
deposited in the atmosphere varies with the density 
of the air, then at the same temperature moisture 
might be depositing in a stratum of one density, while 
no deposition is taS^ing place in the adjacent stratum 
of a different density. Hence there would exist, as 
it were, in the air a vertical wall or stratum of mi- 
nute globules of water, from the surface of which 
a suflSiciently distinct image of a highly illuminated 
object might be reflected. That this is possible may 
be proved by breathing upon glass. If the particles 
deposited upon the glass are large, then no distinct 
reflection will take place ; but if the particles bo 
very small, we shall see a distinct image formed by 
the surface of the aqueous film. 

The phenomena of the Fata Morgana have been 
too imperfectly described to enable us to offer a sat- 
isfactory explanation of them. The aerial iiQago»- 
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are obviously those formed by unequal refraction. 
The pictures seen on the sea may be either the aerial 
images reflected from its surface, or from a stratum 
of dense vapour, or they may be the direct reflections 
from the objects themselves. The coloured images, 
as described by Miuasi, have never been seen in any 
analogous phenomena, and require to be better de- 
scribed before they can be submitted to scientific ex- 
amination. 

The representation of ships in the air by unequal 
refraction has no doubt given rise in early times to 
those superstitions which have prevailed m different 
countries respecting "phantom ships," as Mr. Wash- 
ington Irving calls them, which always sail in the eye 
of the wind, and plough their way through th« smooth 
sea, where there is not a breath of wind upon its 
surface. In his beautifid story of the storm ship, 
which makes its way up the Hudson against wind 
and tide, this elegant writer has finely imbodied one 
of the most interesting superstitions of the early 
American colonists. The Flying Dutchman had in 
all probability a similar origin^ and the wizard bea^ 
con-keeper of the Isle of France, who saw in the air 
the vessels bound to the island long before they ap- 
peared in the ofltog, must have derived his power from 
a diligent observation of the phenomena of nature. 
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LETTER VII. 

Blaiiiaafl dep^.dinir on the Ear— Prectimd by the Ancients— fipraking 
•nd Sinf .f. Heads of the Anciento— Exhibition of the Invisible Girt 
described and explained —IllUKions arising Trnm ihe Difflculty of de- 
termining the Direction or Sounds— Singular Example or this Illusion 
■■-Nat ore of VentriloquiAin — Exhibitions ofsome of the most celebrated 
Ventfiloquists-rM. St, Gille-^Louis Brabant— M. Alexandra— Capl. 
tiyon's Accomit of Eskimaux Ventriloquists. 

Next to the eye the ear is the most fertile source 
of our illusions, and the ancient magicians seem to 
have heen very successful in turning to their pur- 
poses the doctrines of sound. In the labyrinth oC 
Egypt, which contained twelve palaces and 1600 
siibterraneous apartments, the gods were mado to 
speak in a voice of thunder ; and Pliny, in whose 
time this singular structure existed, informs us that 
some of the palaces were so constructed that their 
doors could not be opened without permitting the 
peals of thunder from being heard in the interior. 
When Darius Hystaspes ascended the throne, and 
allowed his subjects to prostrate themselves before 
him as a god, the divinity of his character was im- 
pressed upon his worshippers by the bursts of thun- 
der and flashes of lightning which accompanied their 
devotion. History has of course not informed us 
how these effects were produced ; but it is probable 
that, in the subterraneous and vaulted apartments 
of the Egyptian labyrinth, the reverberated sounds 
arising fVom the mere opening and shutting of the 
doorsihemselves afforded a suflScient imitation of or- 
dinary thunJer. In the palace of the Persian king, 
however, a more artificisd imitation is likely to have 
been employed, and it is not improbable that the 
method used in our modem theatres was known to tAe 
Wicients, A thia sheet of iron, three or four f<p^ 
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long, such as that used for German stoves, is held by 
one corner between the finger and the thumb, and 
allowed to hang freely by its own weight. - The hand 
is then moved or shaken horizontally, so as to agitate 
the corner in a direction at right angles to the surface 
of the sheet. By this simple process a great variety 
of sounds will be produced, varying from the deep 
growl of distant thunder to those loud and explosive 
bursts which rattle in quick succession from clouds 
immediately over our heads. The operator soon 
acquires great power over this instrument, so as to 
be able to produce from it any intensity and char- 
acter of sound that may be required. The same effect 
may be produced by sheets of tin-plate, and by thin 
plates of mica ; but on account of their small size, 
the sound is shorter and more acute. In modern ex- 
hibitions an admirable imitation of lightning is pro- 
duced by throwing the powder of rosin, or the dust 
of lycopodium, through a flame, and the rattling 
3howers of rain which accompany these meteors are 
well imitated by a well regulated shower of peas. 

The principal pieces of acoustic mechanism used 
by the ancients were speaking or singing headSrwYdch 
were constructed for the purpose of representing the 
gods, or of uttering oracular responses. Among 
Siese, the speaking head of Orpheus, which uttered 
its responses at Lesbos, is one of the most famous. 
It was celebrated, not only throughout Greece, but 
even in Persia, and it had the credit of predicting, 
in the equivocal language of the heathen oracles, the 
bloody death which terminated the expedition of Cy- 
rus the Great into Scythia. Odin, the mighty ma- 
gician of the north, who imported into Scandinavia 
the magical arts of the East, possessed a speaking 
head, said to be that of the sage Minos, which he 
had enchased in gold, and lyhich uttered responses 
that had all the authority of a divine revelation. 
The celesrated mechanic Gerbert, who filled the pa- 
pol chair A. D. UXXI, uod^r the name of Sylvester IL9 

N2 
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constructed a speaking head of brass. Albertus 
Magnus is said to have executed a head in the thir- 
teenth century, which not only moved but spoke. 
It was made of earthenware, and Thomas Aquinas 
is said to have been so terrified when he saw it, that 
he broke it in pieces, upon which the mechanist ex- 
claimed, " There goes the labour of thirty years." 

It has been supposed by some authors, that in the 
ancient speaking machines the deception is effected 
by means of ventriloquism, the voice issuing from 
the juggler himself; but it is more probable that the 
sound was conveyed by pipes from a person in another 
apartment to the mouth of the figure. Lucian, 
indeed, expressly informs us, that the impostor Alex- 
ander made his figure of iEsculapius speak by trans- 
mitting his voice through the gvillet of a crane to 
the mouth of the statue ; and that this method was 
general appears from a passage in Theodoretus, who 
assures us, that in the fourth century, when Bishop 
Theophilus broke to pieces the statues at Alexandria, 
he foimd some which were hollow, and which were 
so placed against a wall that the priest could con- 
cead himself behind them, and address the ignorant 
spectators ttirough their mouths. 

Even in modern times, speaking-machines have 
been constructed on this principle. The figure is 
ifrequently a mere head placed upon a hollow pedes- 
tal, which, in order to promote the deception, con- 
tains a pair of bellows, a sounding-board, a cylinder, 
and pipes supposed to represent the organs of speech. 
In other cases, these are dispensed with, and a simple 
wooden head utters its sounds through a speaking 
trumpet. At the court of Charles II. this deception 
was exhibited with great eflect by one Thomas Irson, 
an Englishman, and when the astonishment had be- 
come very general, a popish priest was discovered by 
one of the pages in an adjoining apartment. The 
questions had been proposed to the wooden figure by 
Wfaispsring int6 its ear, ajid this laamed personage 
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had answered them all with great ability, by speaking- 
through a pipe in the same language in which the 
questions were proposed. Professor Beckmann 
informs us that children and women were generally 
concealed either in the juggler's box or in the adja- 
cent apartment, and that the juggler gave them every 
assistance by means of signs previously agreed upon. 
When one of these exhibition^ was shown at Got- 
tiugen, the professor was allowed, on the promise 
of secrecy, to witness the process of deception. He 
saw the assistant in another room, standing before 
the pipe with a card in his hand, upon which the 
signs agreed upon had been marked ; and he had been 
introduced so privately into the house that even the 
landlady was ignorant of his being there. 

An exhibition of this very same kind has been 
brought forward in our own, day, under the name of 
the Invisible Girl; and as the mechanism employed 

Fig, 37. 




was extremely ingenious, and is well fitted to con- 
vey an idea of this class of deceptions, we shall give 
It detailed description of it. 
The machineiy, as constructed by M. Charles, is 
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shown in Fig. 37 in perspective, and a plan of it in 
Fig. 38. The four upright posts A,A,A ,A , are united 
at top by a cross rail BjB? a^d by two similar rails 
at bottom. Four bent wires a,a,a,a, proceeded from 
the top of these posts, aiid terminated at c. A hol- 
low copper ball M, about a foot in diameter, was 
suspended from these wires by four slender ribands 
b,b,b,b, and into the copper badl were fixed the ex- 
tremities of four trumpets, T,T,T,T, with their 
mouths outwards. . 



Fig, 38. 




The apparatus now described was all that was 
visible to the spectator; and though fixed in one 
spot, yet it had tlie appearance of a piece of sepa- 
rate machinery, which might have occupied any 
other part of the room. When one of the specta- 
tors was requested by the exhibiter to propose some 
question, he did it by speaking into one of the 
trumpets at T. An appropriate answer was then 
returned from all the trumpets, and the sound 
issued with sufficient intensity to be heard by. an ear 
applied to any of them, and yet it was so weak that 
it appeared to come from a person of very diminu- 
tive size. Hence the sound was supposed to oome 
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from an invisible girl, though the real speaker was 
a full-grown woman. The invisible lady conversed 
in different languages, sang beautifully, and made 
the most lively and appropriate remarks on the per- 
sons in the room. 

This exhibition was obviously far more wonderful 
than the speaking heads which we have described, 
as the latter invariably communicated with a wall, 
or with a pedestal through which pipes could be 
carried into the next apartment. But the ball M 
and its trumpets communicated with nothing through 
which sound could be conveyed. The spectator 
satisfied himself by examination that the ribands bj>, 
were real ribands, which concealed nothing, and 
which could convey no sound, and as he never con- 
ceived that the ordinary piece of framework AB 
could be of any other use than its apparent one of 
supporting the sphere M, and defending it from the 
spectators, he was left in utter amazement respect- 
ing the origin of the sound, and his surprise was in- 
creased by the difference between the sounds which 
were uttered and those of ordinary speech. 

Though the spectators were thus deceived by their 
own reasoning, yet the process of deception was a 
very simple one. In two of the horizontal railings, 
A, A, Fig. 38, opposite the trumpet mouths T, there 
was an aperture communicating with a pipe or tube 
which went to the vertical post B, and descending 
it, as shown at TAA, Fig. 39, went beneath the 
floor ff in the direction pp, and entered the apart- 
ment N, where the invisible lady sat. On the side 
of the partition about h there was a small hole, 
through which the lady saw what was going on in 
the exhibition room, and communications were no 
doubt made to her by signals from the person who 
attended the machine. When one of the spectators 
asked a question by speaking into one of the trum- 
pets T, the sound was reflected from the mouth of 
the trumpet bau^k to the aperture at A, in the hori-» 
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zontal rail, Fig. 3B, and was distinctly conTeyed 
along the cloeed tube into the apartment N. Inlika 
roajuier, the answer issued from the aperture A, and 
being reflected back to the ear of the spectator if 
the trumpet, he heard the sounds with that chuigo 
of character which they receive when tranamittal 
through a tube and then reflected to the ear. 



Fig. 39. 




The surprise of the auditors was greatly increased 
by the circumstance that an answer was returned 
to questions put in a whisper, and also by the con- 
viction that nobody but a person in the middle of 
the audience could observe the circumstances to 
■which the invisible figure frequently adverledi 

Jllthough the performances of speaking heads 
were generally effected by the meUiods now de- 
scribed, yet there is reason to think that the ven- 
triloquist sometimes presided at the exhibition, and 
deceived the audience by his extraordinary powers 
of illusion. There is no species of deception more 
irresistible in its effects than that which arises from 
the uncertainty with which we jui^e of the direction 
and distance of sounds. Every person must have 
noticed how a sound in their own can it often inia> 
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taken fbr some loud noise moderated by the distance 
from which it is supposed to come ; and the sports- 
man must have frequently been surprised at the exist- 
ence of musical sounds humming remotely in the 
extended heath, when it was only the wind sounding 
in the barrel of his gun. The great proportion of 
apparitions that haunt old castles and apartments 
associated with death exist only in the sounds 
which accompany them. The imagination even of 
the boldest inmate of a place liallowed by supersti- 
tion will transfer some trifling sound near his own 
person to a- direction and to a distance very different 
from the truth, and the sound, which otherwise 
might have no peculiar complexion, will derive 
another character from its new locality. Spurning 
the idea of a supernatural origin, he determines to 
unm.ask the spectre, and grapple with it in its den^ 
All the inmates of the house are found to be asleep, 
even the quadrupeds are in their lair ; there is not a 
breath ofwind to ruffle the lake that reflects through 
the casement the reclining crescent of the night ; 
and the massive walls in wbich he is enclosed forbid 
the idea that he has been disturbed by the warping 
of paneling or the bending of partitions. His search 
is vain ; and he remains master of his own secret 
till he has another opportunity of investigation. 
The same sound again disturbs him, and, modified 
probably by his own position at the time, it may 
perhaps appear to come in a direction slightly differ- 
ent from the last. His searches are resumed, and 
he is again disappointed. If this incident should 
recur night after night with the same result ; if the 
sound should appear to depend upon his own motions, 
or be any how associated with himself, with hiji 
present feelings, or with his past history, his per- 
sonal courage will give way, a superstitious dread, 
at which he himself perhaps laughs, wiU seize his 
mind, and he will rather believe that the sounds 
have a supernatural origin than that they could con- 
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tinue to issue from a spot where he knows thMlp itf 
no natural cause for their production. ^' 

I have had occasion to have personal knowkdgt 
of a case much stronger than that which has wm* 
been put. A gentleman devoid of all supentitkw 
feelings^ and living in a house free from any g]ooiq(|^ 
associations, heard niglit after night in his bedrooqi 
a singular noise, unlike any ordinary sound to wUiok 
he was accustomed. He had slept in the same rooii 
for years without hearing it, and he attributed it jdfc 
first to some change of circumstances in the roof or 
in the walls of the room, but after the strictest ex- 
amination, no cause could be found for it. It oo* 
curred only once in the night : it was heard almost 
every night : with few interruptions. It was over ia 
an instant, and it never took place till after the gen-^ 
tleman had gone to bed. It was always distinctly 
hea*d bv his companion, to whose time of going to 
bed it nad no relation. It depended on the gentle- 
man alone, and it followed him into another apart- 
ment with another bed, on the opposite side of the 
house. Accustomed to such investigations, he made 
the most diligent but fruitless search into its cause. 
The consideration that the sound had a special refer- 
ence to him alone operated upon his imagination^ 
and he did not scruple to acknowledge that the re- 
currence of the mysterious sound produced a super- 
stitious feeling at the moment. Many months after- 
ward it was fomid that the sound arose from the 
partial opening of the door of a wardrobe which was 
within a few feet of the gentleman's head, and which 
had been taken into the other apartment. This 
wardrobe was almost always opened before he re- 
tired to bed, and the door being a httle too tight, it 
gradually forced itself open with a sort of dull sound 
resembling the note of a drum. As the door had 
only started half an inch cut of its place, its change 
of place never attracted attention. The sound, in- 
deckd, seemed to cpme in a different direction, and 
from a greater distance. 
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When sounds so mysterious in their origin are 
heard by persons predisposed to a belief in the mar- 
vellous, Iheir influence over the mind must be very 
powerful. An inquiry into their origin, if it is m:ide 
at all, win be made more in the hope of confirming 
tiiaD 0f removing the original impression, and the 
unftntanate victim of his own fears will also be the 
Wffling dupe of his own judgment. 

This uncertainty with respect to the direction of 
sound is the foundation of the art of ventriloquism. 
If we place ten men in a row at such a distance from 
as that they are included in the angle within which 
we cannot judge of the direction of sound, and if in 
a csdm day each of them speaks in succession, we 
shall not be able with closed eyes to determine from 
which of the ten men any of the sounds proceeds, 
and we shall be incapable of perceiving that there 
is any difference in the direction of the sounds emitted 
by the two outermost. If a man and a child are 
placed within the same angle, and if the man speaks 
with the accent of a child without any corresponding 
motion in his mouth or face, we shall necessarily 
believe that the voice comes from the child : nay, 
if the child is so distant from the man that the voice 
actually appears to us to come from the man, we 
will still continue in the belief that the child is the 
speaker ; and this conviction would acquire additional 
strength if the child favoured the deception by ac- 
commodating its features and gestures to the words 
spoken by the man. So powerful, indeed, is the 
influence of this deception, that if a jackass placed 
near the man were to open its mouth, and shake its 
head responsive to the words uttered by his neigh- 
bour, we would rather believe that the ass spoke 
than that the sounds proceeded from a person whose 
mouth was shut, and the muscles of whose face were 
in perfect repose. If our imagination were even 
directed to a marble statue or a lump of inanimate 
matter^ as the source from which we were k> expect 
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the sounds to issue, we would still be deceived, md 
would refer the sounds even to these lifeless objects. 
The illusion would be greatly promoted if the voice 
were totally different in its tone and character from 
that of the man from whom it really comes ; and if 
he occasionally speak in his own full and measured 
voice, the belief will be irresistible that the assumed 
voice proceeds from the quadruped or from the in- 
animate object. 

When the sounds which are required to proceed 
from any given object are such as they are actually 
calculated to yield, the process of deception is ex- 
tremely easy, and it may be successfully executed 
even if the angle between the real and the supposed 
directions of the sound is much greater than the 
angle of uncertainty. Mr. Dugald Stewart has stated 
some cases in which deceptions of this kind were 
very perfect. He mentions his having seen a person 
who, by counterfeiting the gesticulations of a per- 
former on the violin, while he imitated the music by 
his voice, riveted the eyes of his audience on the 
instrument, though every sound they heard proceeded 
from his own mouth. The late Savile Carey, who 
imitated the whistling of the wind through a narrow 
chink, told Mr. Stewart that he had frequently prac- 
tised this deception in the comer of a cofiee-house, 
and that he seldom failed to see some of the company 
rise to examine the tightness of the windows, while 
others, more intent on their newspapers, contented 
themselves with putting on their hats and buttoning 
their coats. Mr. Stewart likewise mentions an ex- 
hibition formerly common in some of the continental 
theatres, where a performer on the stage displayed 
the dumb show of singing with his lips and eyes and 
gestures, while another person unseen supplied the 
music with his voice. The deception in this case he 
found to be at first so complete as to impose upon 
the nicest ear and the quickest eye ; but in the pro- 
gress of the entertainment, he became distinctly sen^ 
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sible of the imposition, and sometimes wondered 
that it should have misled him for a moment. In 
this case there can be no doubt that the deception 
was at first the work of the imagination, and was 
not sustained by the acoustic principle. The real 
and the mock singer were too distant, and when the 
influence of the imagination subsided, the true direc- 
tion of the sound was discovered. This detection of 
the imposture, however, may have arisen from another 
cause. If the mock singer happened to change the 
position of his head, while the real singer ms^e no 
corresponding change in his voice, the attentive 
spectator would at once notice this incongruity, and 
discover the imposition. 

In many of the feats of ventriloquism the per- 
former contrives, under some pretence or other, to 
conceal his face, but ventriloquists of great distinc- 
tion, such as M. Alexandre, practise their art without 
any such concealment. 

Ventriloquism loses its distinctive character if its 
imitations are not performed by a voice from the 
belly. The voice, indeed, does not actually come 
from that region, but when the ventriloquist utters 
sounds from the larynx without moving the muscles 
of his face, he gives them strength by a powerful 
action of the abdominal muscles. Hence he speaks 
by means of his belly, although the throat is the real 
source from which llie sounds proceed. Mr. Dugald 
Stewart has doubted the fact that ventriloquists 

gossess the power of fetching a voice from within : 
e cannot conceive what aid could be derived from 
such an extraordinary power ; and he considers that 
the imagination, when seconded by such powers of 
imitation as some mimics possess, is quite sufficient 
to account for all the phenomena of ventriloquism 
which he has heard. This opinion, however, is 
strongly opposed by the remark made to Mr. Stewart 
himself by a ventriloquist, " that his art would be 
perfect if it were possible only to spea^ distinctly 
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without any movement of the lips at all." But, 
independent of this admission, it is a matter of ab- 
solute certainty that this internal power is exercised 
by the true ventriloquist. In the account which the 
Abb6 Chapelle has ^ven of the performances of M. 
St. Gille and Louis Brabant, he distinctly states that 
M. St. Gille appeared to be absolutely mute while 
he was exercising his art, and that no change in his 
countenance could be discovered.* He affirms also 
that the countenance of Louis Brabant exhibited no 
change, and that his lips were close and inactive. 
M. Richerand, who attentively watched the perform- 
ances of M. Fitz- James, assures us that during his 
exhibition there was a distension in the epigastric 
region, and that he could not long continue the exer- 
tion without fatigue. 

The influence over the human mind which the 
ventriloquist derives from the skilful practice of his 
art is greater than that which is exercised by any 
other species of conjurer. The ordinary magician 
requires his theatre, his accomplices, and the instru- 
ments of his art, and he enjoys but a local sove- 
reignty within the precincts of his own magic circle. 
The ventriloquist, on the contrary, has the super- 
natural always at his command. In the open fields, 
as well as in the crowded city — in the private apart- 
ment, as well as in the public hall, he can summon 
up innumerable spirits ; and though the persons of 
his fictitious dialogue are not visible to the eye, yet 
they are as unequivocally present to the imagination 
of his auditors as if they had been shadowed forth 
in the silencfe of a spectral form. In order to conVey 
some idea of the influence of this illusion, I shall 
mention a few well authenticated cases of successful 
ventriloquism. 

M. St. Gille, a grocer of St. Germain en Laye, 
whose performances have been recorded by the Abb6 

* Edinboixb JonnuJ of SeieoM, No. xriiL p. 951 
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de la Chapelle, had occasion to shelter himself from 
a storm in a neighbouring^ convent, where the monks 
were in deep mourning for a much esteemed member 
of their community who had been recently buried. 
While lamenting over the tomb of their deceased 
brother the slight honours which had been paid to 
his memory, a voice was suddenly heard to issue 
from the roof of the choir bewailing the condition of 
the deceased in purgatory, and reproving the brother- 
hood for their want of zeal. The tidings of this super- 
natural event brought the whole brotherhood to the 
church. The voice from above repeated its lament- 
ations and reproaches, and the whole convent fell 
upon their faces, and vowed to make a reparation 
of their error. They accordingly chanted in full 
choir a de profundis, during the intervals of which 
the spirit of the departed monk expressed his satis- 
faction at their pious exercises. The prior after- 
ward inveighed against modern skepticism on the 
subject of apparitions, and M. St. Gille had great 
difficulty in convincing the fraternity that the whole 
was a deception. 

On another occasion, a commission of the Royal 
Academy of Sciences at Paris, attended by several 
persons of the highest rank, met at St. Germain en 
Laye to witness the. performances of M . St. Gille. 
The real object of their meeting was purposely with- 
held from a lady of the party, who was informed 
that an aerial spirit had lately established itself in 
the neighbourhood, and that the object of the as- 
sembly was to investigate the matter. When the 
party had sat down to dinner in the open air, the 
spirit addressed the lady in a voice which seemed 
to come from above their heads, from the surface 
of the ground at a great distance, or from a consid- 
erable depth under her feet. Having been thus 
addressed at intervals during two hours, the lady was 
firmly convinced of the existence of the spirit, and 
could with difficulty be umteceived. 

02 
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Another ventriloquist, Louis Brabant, who had 
been vsdet-de-chambre to Francis 1. turned his pow- 
ers to a more profitable account. Having fallen in 
love with a rich and beautiful heiress, he was re* 
jected by her parents as an unsuitable match for 
their daughter. On the death of her father, Louis 
paid a visit to the widow, and he had no sooner en- 
tered the house than she heard the voice of her de- 
ceased husband addressing her from above : " Give 
my daughter in marriage to Louis Brabant, who is a 
man of large fortune and excellent character. I 
endure the inexpressible torments of purgatory for 
having refused her to him. Obey this achnonition, 
and give everlasting repose to the soul of your poor 
husband. '' This awful command could not be re- 
sisted, and the widow announced her compliance 
with it. 

As our conjurer, however, required money for the 
completion of his marriage, he resolved to woric 
upon the fears of one Comu, an old banker at Lyons, 
who had amassed immense wealth by usury and ex- 
tortion. Having obtained an interview with the 
miser, he introduced the subjects of demons and 
spectres and the torments of purgatorv ; and during 
an interval of silence, the voice of the miser^s de- 
ceased father was heard compl^dning of his dreadful 
situation in purgatory, and calling upon his son to 
rescue him from his sufferings, by enabling Louis 
Brabant to redeem the Christians that were enslaved 
by the Turks. The awe-struck miser was also 
threatened with eternal danmation if he did not thus 
expiate his own sins ; but such was the grasp that 
the banker took of his gold that the ventriloquist 
was obliged to pay him another visit. On this oc- 
casion, not only his father but all his deceased rela- 
tions appealed to him in behalf of his own soul and 
theirs, and such was the loudness of their complaints 
that the spirit of the banker was subdued, and he 
gave the ventriloquist ten thousand crowns to wim^ 
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rate the Christian captives. When the miser was 
afterward undeceived, he is said to have been so 
mortified that he died of vexation. 

The ventriloquists of the nineteenth century 
made great additions to their art, and the perform- 
ances of M. Fitz-James and M. Alexandre, which 
must have been seen by many of our countrymen, 
were far superior to those of their predeceseors. 
Besides the art of speaking by the muscles of the 
throat and the abdomen, without moving those of 
the face, these artists had not only studied with 
great diligence and success the modifications which 
soundar of all kinds undergo from distance, obstruc- 
tions, and other causes, but had acquired the art of 
imitating them in the highest perfection. The 
ventriloquist was therefore able to carry on a dia- 
logue in which the dramatis voces, as they may be 
called, were numerous ; and when on the outside of 
an apartment he could personate a mob with ite in- 
finite variety of noise and vociferation. Their in- 
fluence over an audience was still further extended 
by a singular power over the muscles of the body. 
M. Fitz-James actually succeeded in making the op- 
posite or corresponding muscles act differently from 
each other; and while one side of his face was 
merry and laughing, the other was full of sorrow and 
in tears. At one moment he was tall, thin, and mel- 
ancholic ; and after passing behind a screen, he came 
out " bloated with obesity and staggering with ful- 
ness." M. Alexandre possessed the same power 
over his face and figure, and so striking was the 
contrast of two of these forms, that an excellent 
sculptor, Mr. Joseph, has perpetuated them in 
marble. 

This new acquirement of the ventriloquist ena- 
bled him, in his own single person, and with his own 
single voice, to represent upon the stage a dramatic 
composition which would have required the assist* 
aace of K^veral actxirs. Altiioogh only one cba*. 
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acter in the piece could be seen at the same tittMf 
yet they all appeared during its performance, and 
the change of face and figure on the part of ttao 
ventriloquist was so perfect that his personal identity 
could not be recognised in the dramatis persona* 
This deception was rendered still more complete by 
a particular construction of the dresses, which en- 
abled the performer to reappear in a new character 
after an interval so short that the audience neces* 
sarily beheved that it was another person. 

It is a curious circumstance that Captain Lyon 
found among the Eskimaux of Igloolik ventrilo- 
quists of no mean skill. There is much rivalry 
among the professors of the art, who do not ex« 
pose each other's secrets, and their exhibitions de- 
rive great importance from the raritv of their oc- 
currence. The following account of one of them 
is so interesting that we shall give the whole of it 
in Captain Lyon's words. 

"Among our Igloolik acquaintances were two 
females and a few male wizards, of whom the prin- 
cipal was Toolemak. This personage was cunning 
and intelligent, and, whether professionally, or from 
his skill in the chase, but perhaps from both rea- 
sons, was considered by all the tribe as a man of 
importance. As I invariably paid great deference 
to his opinion on all subjects coimected with his 
calling, he freely communicated to me his superior 
knowledge, and did not scruple to allow of my 
being present at his interviews with Tomga, or his 
patron spirit. In consequence of this, I took an 
early opportunity of requesting my friend to ex- 
hibit his skill in my cabin. His old wife was with 
him, and by much flattery and an accidental dis- 
play of a glittering knife and some beads, she as- 
sisted me in obtaining my request. All light ex- 
cluded, our sorcerer began chanting to his wife 
with great vehemence, and she m return answered 
by .ainging the Amna-aya, .which was not discon^ 
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tinued during the whole ceremony. As far as I 
could hear, he afterward began turning himself 
rapidly round, and in a loud powerful voice vocife- 
rated for Tomga with great impatience, at the same 
time blowing and snorting like a walrus. His noise, 
impatience, and agitation increased every moment, 
and he at length seated himself on the deck, varying 
his tones, and making a rustling with his clothes. 
Suddenly the voice seemed smothered, and was so 
managed as to sound as if retreating beneath the 
deck, each moment becoming more distant, and idti- 
mately giving the idea of being many feet below the 
cabin, when it ceased entirely. His wife now, in 
answer to my queries, informed me very seriously, 
that he had dived, and that he would send up Tomga. 
Accordingly, in about half a minute, a distant 
blowing was heard very slowly approaching, and a 
voice, which differed from that at first heard, was at 
times mingled with the blowing, until at length both 
sounds became distinct, and the old woman informed 
me that Tomga was come to answer my questions. 
I accordingly asked several questions of the saga^ 
cious spirit, to each of which inquiries I received an 
answer by two loud claps on the deck, which I was 
given to understand were favourable. 

"A very hollow yet powerful voice, certainly 
much different from the tones of Toolemak, now 
chanted for some time, and a strange jumble of 
hisses, groans, shouts, and gabblings like a turkey, 
succeeded in rapid order. The old woman sang 
with increased energy, and as 1 took it for granted 
that this was all intended to astonish the Ks^loona, 
I cried repeatedly that I was very much afraid. 
This, as 1 expected, added fuel to the fire, until 
the poor immortal, exhausted by its own might, 
asked leave to retire. 

" The voice gradually sank from our hearing as 
at first, and a very indistinct hissing succeeded ; 
in its advance, it sounded like the tone produced 
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by the wind on the bass chord of an ^olian harp. 
This was soon changed to a rapid hiss like that of a 
rocket, and Toolemak with a yell announced his 
return. I had held my breath at the first distant 
hissing, and twice exhausted myself; yet our con- 
jurer did not once respire, and even his returning 
and powerful yell was uttered without a previous 
stop or inspiration of air. 

*^ Light being admitted, our wizard, as might be 
expected, was in a profuse perspiration, and certainly 
much exhausted by his exertions, which had con- 
tinued for at least half an hour. We now observed 
a couple of bunches, each consisting of two stripes 
of white deer-skin and a long piece of sinew, at- 
tached to the back of his coat. These we had not 
seen before, and were informed that they had beea 
sewn on by Tomga while he was below."* 

Captain Lyon had the good fortune to witness 
another of Toolemak^s exhibitions, and he was 
much struck with the wonderful steadiness of the 
wizard throughout the whole performance, which 
lasted an hour and a half. He did not once appear 
to move, for he was so close to the ^kin behind 
which Captain Lyon sat, that if he had done so 
he must have perceived it. Captain Lyon did not 
hear the least rustling of his clothes, or even dis- 
tinguish his breathing, although his outcries were 
made with great exertion, f 

* PrivaU Journal of Ctptain 6. F. Lyon. Lond. 1894, p. 858, 361. 
t Id. Id. p. 366, 
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LETTER VIII. 

Musical and harmonic Soundn explained— Power of breaking GlassM 
with the Voice — Masical Sounds from the Vibration of a Column of 
Air — And of solid Bodies — Kaleidophone— Singular acousric Figures 

g reduced on Sand laid on vibrating Plates of Glass — ^And on stretched 
lembranes — Vibration of flat Rulers and Cylinders of Glass— Prodoc* 
tion of Silence from two Sounds -Production of Darkness At>m two 
Lights— Explanation of these singular Effects— Acoustic Automaton — 
Droz*s bleating Sheep — Maillardet's Singing-bird— Vaucanson's Flute 
Player— His Pipe and Tabor Player -Baron Kempelen's talking En- 
gine — Kratzenstein's speaking Machine — Mr. WilliB*s Researches. 

Among the discoveries of modern science there 
are few more remarkable than those which relate 
to the production of harmonic sounds. We are all 
familiar with the effects of musical instruments, from 
the deep-toned voice of the organ to the wiry shrill 
of the Jew's harp. We sit entranced under their 
magical influence, whether the ear is charmed with 
the melody of their sounds, or the heart agitated by 
the sympathies which they rouse. But though we 
may admire their external form, and the skill of the 
artist who constructed them, we never think of in- 
quiring into the cause of such extraordinary combi- 
nations. 

Sounds of all kinds are conveyed to the organ of 
hearing through the air ; and if this element were 
to be destroyed, all nature would be buried in the 
deepest silence. Noises of every variety, whether 
they are musical or discordant, high or low, move 
through the air of our atmosphere at the surface of 
the earth with a velocity of 1090 feet in a second, 
or 765 miles per hour ; but in sulphureous acid gas 
sound moves only through 751 feet in a second, 
while in hydrogen gas it moves with the great ve- 
locity of 3000 reet. Ak>Dg fluid and QolidboAaA^^^^s^ 
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progress is still more rapid. Through water it 
moves at the rate of 4708 feet in a second, through 
tin at the rate of 8176 feet, and through iron, glass, 
and some kinds of wood at the rate of 18,530 feet. 

When a number of single and separate sounds 
follow each other in rapid succession, they produce 
a continued sound, in the same manner as a con- 
tinuous circle of light is produced by whirling round 
a burning stick before the eye. In order that the 
sound may appear a single one to the ear, nearly 
sixteen separate sounds must follow one another 
every second. When these sounds are exactly 
similar, and recur at equal intervals, they form a 
musical sound. In order to produce such sounds 
from the air, it must receive at least sixteen equally 
distant impulses or strokes in a second. Th^ most 
common way of producing this effect is by a striiur 
or wire AB, Fig. 40, stretched between the fixed 
points AB. If this string is taken by the middle 

Fig, 40. 





and pulled aside, or if it is suddenly struck, it will 
vibrate between its two fixed points, as i^own in 
the figure, passing alternately on each side of its 

axis AB, the ,vtt)rations.gra4uiiilydimiw^ijng bytto 
reeistaooe of the air till the airing isbtotigliltoreai^ 
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Its vibrations, however, may be Itept up by drawing 
a rosined fiddle-bow across it, and while it is vibrating 
it will give out a sound corresponding to the rapidity 
of its vibrations, and arising from the successive 
blows or impulses given to the air by the string. 
This sound is called the fundamental sound of the 
string, and its acuteness or sharpness increases with 
the number of vibrations which the string performs 
in a second. 

If we now touch the vibrating string A'B' lightly 
with the finger, or with ^ feather, at the middle point 
C, Fig. 40, it will give out a more acute but fainter 
sound than before, and while the extent of its vibra- 
tions is diminished, their frequency is doubled. In 
like manner, if we touch the string A"B", Fig. 40, 
at a point C, so that A"C is one-third of A"B", the 
note- will be stUl more acute, and correspond to 
thrice the number of vibrations. All this might have 
been expected, but the wonderful part of the experi- 
ment is, that the vibrating string A'B' divides itself 
at C into two parts A'C, CB', the part A'C vibrating 
round A' and C as fixed points, and the part CB' 
round C and B', but always so that the part A'C is 
at the sahie distance on the one side of the axis 
A'B' as at AmC, while the part CB is on 4;he other 
side, as at CnB. Hence the point C, being always 
pulled by equal and opposite forces, remains at rest 
as if it were absolutely fixed. This stationary point 
is called a node, and the vibrating portions A'mC 
CnB' loops. The very same is true of the string 
A"B", the points C and D being stationary points ; 
and upon the same principle a string may be divided 
into any number of vibrating portions. In order to 
prove tl^at the string is actually vibrating in these 
equal subdivisions, we have only to place a piece of 
light paper with a notch in it on different parts of the 
string. At the nodes C and D i^will remain per- 
fectly at rest, while at m or n in the middle of the 
loops it will be thrown off or violently agitated. 

P 
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The acute sounds given out by each of the \ibn^&ng 
portions are called harmonic sounds, and they accom* 
pany the fundamental sound of the string in the very 
same manner — as we have already seen — ^that the 
eye sees the accidental or harmonic colours while 
it is affected with the fmidamental colour. 

The subdivision of the string, and consequently 
the production of harmonic sounds, may be effected 
without touching the string at all, and by means of 
a sympathetic action conveyed by the air. If a 
string AB, for example, Fig. 40, is at rest, and if a 
shorter string A"C, one-third of its length, fixed at 
the two points A" and C, is set a-vibrating in the 
same room, the string AB will be set a-vibrating in 
three loops like A"B", giving out the same harmonic 
sounds as the small string A"C. 

It is owing to this property of sounding bodies 
that singers with great power of voice are able to 
break into pieces a large tumbler glass> by sinking 
close to it its proper fundamental note ; and it is from 
the same S5m:pathetic communication of vibrations 
that two pendulum clocks fixed to the same wall,, or 
two watches lying upon the same table, will take the 
same rate of going, though they would not agree 
with one another if placed in separate apartments. 
Mr. EUicott even observed that the pendifium of the 
one clock will stop that of the other, and that the 
stopped pendulum will after a certain time resume 
its vibrations, and in its turn stop the vibrations of 
the other pendulum. 

The production of musical sounds by the vibra- 
tions of a column of air in a pipe is familiar to every 
person, but the extraordinary mechanism by which 
It is effected is known principally to philosophers* 
A column of air in a pipe may be set a-vibrating by 
blowing over the open end of it, as is done in. Pan's 
pipes, or by blowing over a hole in its side as in the 
flute, or by blowing through an aperture called a 
reed, with a flexible tongue, as in t^e clarionet. In 
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order to understand the nature of this vibration let 
AB, Fig. 41, be a pipe or tube, and let us place in it 
a spiral spring AB, in which the coil or spire are at 
equal distances, each end of the spiral being fixed to 
the end of the tube. This elastic spring may be 
supposed to represent the air in the pipe, which is 

Fig, 41. 
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of equal density throughout. If we take hold of the 
spring at m, and push the point m towards A and 
towards B in succession, it will give us a good idea 
of the vibration of an elastic column of air. Wlien 
m is pushed towards A, the spiral spring will be 
compressed or condensed, as shown at mA, No. 2, 
while at the other end it will bo dilated or rarefied, 
as shown at mB, and in the middle of the tube it will 
have the same degree of compression as in No. 1. 
When the string is drawn to the other end of the 
tube B, the spring will be, a6 in No. 3, condensed at 
the end B, and dilated at the end A. Now when a 
column of air vibrates in a pipe AB, the Whole of it 
rushes alternately from B to A, as in No. 2, and 
from A to B as iti No. 3, being condensed at the end 
A, No. 2, and dilated or rare&d at the end B, while 
in No. 3 it is rarefied at A and condensed at B, pre- 
serving its natural density at the middle point b^ 
tween A and B. In the case of the spring the ends 
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AB are alternately pushed outwards and pulled in- 
wards by the spring, the end A being pushed out- 
wards in No. S, and B pulled inwards, while in No. 
3 A is pulled inwards and B pushed outwards. . 

That the air vibrating in a pipe is actusdly in the 
state now described may be shown by boring small 
holes in the pipe, and putting over them pieces of a 
fine membrane. The membrane opposite to the mid- 
dle part between A and B, where the particles of the 
air have the greatest motion, will be violently agi- 
tated, while at points nearer the ends A and B it 
will be less and less affected. 

Let us nbw suppose two pipes AB, BC, to be 
joined together as in Fig. 42, and to be separated 
by a fixed partition at B ; and let a spiral spring be 
fixed in each. Let the spring AB be now pushed 
to the end A, while the spring BC is pushed to C, 
as in No. 1, and back again, as in No. 2, but always 

Fig. 42. . 
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in opposite directions ; then it is obvious that the 
partition B is in No. 1 drawn in opposite directions 
towards A and towards C, and always with forces 
equal to each other ; that is, when B is drawn slightly 
towards A, which it is at the beginning of the mo- 
tion, it is also drawn slightly towards C, and 
when it is drawn forcibly towards A, as it is at the 
end of the motion of the spring, it is al^o drawn for- 
cibly towards C. If the partition B, therefore, is 
moveable, it will still reniam fixed during the oppo- 
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site excursions of the spiral springs : nay, if we re- 
move the partition, and hook the end of one spiral 
spring to the end of the other, the node or point 
of junction Mrill remain stationary during the move- 
ments of the springs, because at every instant that 
point is drawn by equal and opposite forces. If 
three^four, ox five spiral springs are joined in a similar 
manner, we may conceive them all vibrating between 
their nodes in the same manner. 

Upon the very same principles we may conceive 
a long column of air without partitions dividing 
itself into two, three, or four smaller columns, each 
of which will vibrate between its nodes in the same 
manner as the spiral spring. At the middle point of 
each small vibrating coUimn the air will be of its 
natural density like that of the atmosphere, while at 
the nodes B, &c., if will be in a state of condensa-" 
tion and rarefaction alternately. 

If, when the air ys vibrating in one column in the 

Eipe AB, as in Fig. 41, Nos. 2, 3, we conceive a 
ole made in the middle, the atmospheric air will not 
rush in. to disturb the vibration, because the air 
within the pipe and without it has exactly the same 
density. Nay, if, instead of a single hole, we were 
to cut a ring out of the pipe at the middle point, the 
column would vibrate as before. But if we bore a 
hole between the middle and one of the ends, where 
the vibrating column must be either in a state of 
condensation or rarefaction, the air must either rush 
out or rush in, in order to establish the equilibrium. 
The air opposite the hole will then be brought tO 
the state of the external air like that in the middle 
of the pipe, it will become the middle of a vibrating 
column, and the whole column of air, instead of vi- 
brating as onej will vibrate as two columns, each 
column vibrating with twice the velocity, and yield- 
ing harmonic sounds along with the fundamental 
sound of the whole columns, in the same manner as 
we hare already explained with regard to vibrating 

P2 
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strings. By opening other holes we may subditida 
a vibrating column into any number of smaller vi- 
brating columns. The holes in flutes, clarionets, 
&c. are made for this purpose. When they are all 
closed up, the air vibrates in one column ; and by 
opening and shutting the different holes in succes- 
sion, the number of vibrating columns is increased 
or diminished at pleasure, and consequently the har- 
monic sounds will vary in a similar manner. 

Curious as these phenomena are, they are still 
surpassed by those which are exhibited during the" 
vibration of solid bodies. A ro4 or bar of metal or 
glass may be made to vibrate either longitudinally 
or laterally. 

An iron rod will vibrate longitudinally like a 
column of air if we strike it at one end in the direc- 
tion of its length, or rub it in the same direction 
with a wetted finger ; and it will emit the same fun- 
damental note as a column of air ten or eleven times 
as long, because sound moves as much faster in iron 
than in air. When the iron rod is thus vibrating 
along its length, the very same changes which we 
have shown in Fig. 41, as produced in a spiral spring 
or in a column of air, take place in the solid metal. 
All its particles move alternately towards A and 
towards B, the metal being in the one case condensed 
at the end to which the particles move, and expanded 
at the end from which they move, and retaining its 
natural density in the middle of the rod. If we now 
hold this rod in the middle, by the finger and thumb 
lightly applied, and rub it in the middle either of 
AB or BC with a piece of cloth sprinkled with 
powdered rosin, or with a well-rosined fiddle-bow 
drawn across the rod, it will divide itself into two 
vibrating pK)rtions AB, BC, each of which will vibrate, 
as shown in Fig, 42, like the two adjacent columns 
of air, the section of the rod, or the particles which 
compose that section iit B, being at perfect rest. By 
holding the ipod at any intermediate point between 
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A and B, ao that the distance from A to the Hnger 
and thumb is one-third, one-fourth, one-fifth, &c. of 
the whole length AC, and rubbing one of the divi- 
sions tn the middle, the rod will divide itself into 3, 
4, 5, &c, vibiatina; portions, and give out correspond- 
ing harmonic sounds. 

A rod of iron may be made to vibrate laterally or 
tranaversely, by fixmg one end of it firmly as in a 
vice, and leaving the other free, or by having both 
ends free or both fised. When a rod fixed at one 
end and free at the other, is made to vibrate, its 
mode of vibrating may be rendered evident to the 
eye ; and for tlje' purpose of doing this Mr. Wheat- 
stone has contrived a curious instrument called the 
KaleidopKoae, which is shown in Fig. 43. It con- 

Fig. 43. 
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■ists of a circular base of wood A B, about mn« in- 
ches in diameter and one inch thick, and having four 
brass sockets firmly fixed into it at C, D, E, and F. 
Into these sockets are screwed four vertical steel 
rods C, D, E, and F, abaaX 13 or 14 inches long, 
one being a square rod, another a bent cylindrioal 
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one, and the other two cylindrical ones of different 
diameters. On the extremities of these rods are 
fixed small quicksilvered glass beads, either singly 
or in groups, so that when the instrument is placed 
in the light of the sun or in that of a lamp, bright 
images of the sun or candle are seen reflected on 
each bead. If any of these rods is set a-vibrating, 
these luminous images will form continuous, and 
returning curve lines in a state of constant varia- 
tion, each different rod giving curves of different 
characters. 

The melodian, an instrument of great power, em- 
bracing five octaves, operates by means of the vi- 
brations of metallic rods of unequal lengths, fixed 
at one end and free at the other.* A narrow and 
thin plate of copper is screwed to the free extremity 
of each rod, and at right angles to its length ; and 
its surface is covered with a small piece of felt im- 
pregnated with ro^in. This narrow band is placed 
near the circumference of a revolving cylinder, and 
by touching the key it is made to descend till it 
touches the revolving cylinder, and gives out its 
sound . The sweetness and po w er of this instrument 
are unrivalled, and SAch is the character of its tones 
that persons of a nervous temperament are often 
entirely overpowered by its effects. 
^ The vibrations of plates of metal or glass of va- 
rious forms exhibit a series of the most extraordi- 
nary phenomena which are capable of being shown 
by very simple means. These phenomena are dis- 
played in an infinite variety of regular figures as- 
sumed by sand, or fine lycopodium powder strewed 
over the surface of the glass plate. In order to 
produce these figures, we must pinch or dantp the 
plate at one or more places, and when the sand is 
strewed upon its surface, it is thrown into vibrations 

» • 

*Sm MdirOurghEnqfdopmdia, Art. Scikkck, CiuriosiUes in, toI. zvtf. 
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by drawing a fiddle-bow over different parts of its 
circumference. The method of damping or pincb- 
ing plates is shown in Fig. 44. In No. 1 a square 



Fig, 44. 
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plate of glass AB, ground smooth at its edges, is 
pinched by the finger and thumb. In No. 2 a circular 
plate is held by the thumb against the top c of a per- 
pendicular rod, and damped by the fingers at two 
different points of its circumference. In No. 3 it is 
damped at three points of its circumference, at c and d 
by the thumb and finger, and at e by pressing it against 
a fixed obstacle ab. By means of a clamp like 
that at No. 4, it may be damped at a greater number 
of points. , 

If we take a sqieai^e plate of glass, such as that 
shown in Fig. 45, No. 1, and pinching it at its 
centre, draw the fiddle-bow near one of its angles, 
the s£gid will accumulate in the form of a cross, as 
shown in the figure, being thrown off the parts of 
the plate that are in a state of vibration, and settling 
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in the nodes or parts which are at rest. If the bow 
is drawn across the middle of one of the edges, the 
•and will accumulate as in No. 3. If the plate is 

Fig, 45. 
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pinched at N, No. 3, and the bow applied at F and 
perpendicular to AB, the sand will arrange itself 
In three parallel lines, perpendicular to a fourth 
passing through P and N. But if the point N where 
it is pinched, is a little farther from the edge than 
in No. 3, the parallel lines will cl^ange into curv0& 
as in No. 4. 

If the plate of glass is circular, and pihched at its 
centre, and also at a point of its ciroumference^ and 
if the bow is applied at a point 45^ from the last 
point, the figure of the sand will be as in Fig. 46, 
No. I. If, with the same plate similarly pinched, 
the bow is drawn over a pirt 30° from the pinched 
point of the circumference, the sand will form 'six 
radii, as in No. 2. When the centre of the plate is 
left free, a different set of figures is produced^ as 
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•hovn in No. 3 and No. 4. When the plat« ia 
pinched near its ed^,and the bow applied 4^° from 
the point pinched, a circle of sand will pass through 




that point, and two diameters of sand at right angln 
to each other will be formed, as in No. 3. Wien 
a point of tlie circumference is pressed against a 
fixed obstacle, and' the bow applied 30° from that 
point, tlie figure in No. 4 is proauced. 

If, in place of a solid plate, we strew the sand 
over a stretched membrane, the sand will form itself 
into figures, even when the vibrations are com- 
municated to the membrane through the air. In 
order to make these experiments, we must stretch 
B thin sheet of wet paper, such as vegetable paper, 
over the mouth of a tumbler-glass with a footst^, 
and fix it to the edges with glu«. When the paper 
is dry, a thin .layer of dry sand is strewed upon ita 
surface. If we place this memtauto upon a taUa* 
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and hold immediately above it and paraHel to the 
membrane, a plate of glass vibrating so as to give 
any of the figures ehown in Fig. 46, the sand upon 
the membrane will imitate exactly the figure upon 
the glass. If the glass plate, in place of vibratinj^f 
horizontally, is made to vibrate in an inclined posi- 
tion, the figures on the membrane will change 
with the inclination, and the sand will assume the 
most curious arrangements. The figures thus pro- 
duced vary with the size of the membrane, with its 
material, its tension, and its shape. When the 
same figure occurs several times in succession, a 
breath upon tl^e paper will change its degree of 
tension, and produce an entirely new figure, which, 
as the temporary moisture evaporates, will return 
to the original figure, through a nuipber of interme- 
diate ones. The pipe of an organ at the distance 
of a few feet, or the notes of a fiute at the distance 
of half a foot, will arrange the sand on the membrane 
into figures which perpetually change with the sound 
that is produced. 

The manner in which flat rulers and cylinders 
of glass perform their vibrations is very remarkable. 
If a glass plate about twenty-seven inches long, 
six-tenths of an inch broad, and six-hondredths of 
an inch thick, is held by the edges between the 
finger and thumb, and has its lower surface, near 
either end, rubbed with a piece of ivet cloth, sand 
laid upon its upper surface wiU. arrange itself in par- 
allel Imes at right angles to the length of the puite. 
If the place of these lines is marked with a aot of 
ink, and the other side of the glass ruler is turned 
upwards, and the ruler made to vibrate as before, 
the sand will now accumulate in lines intermediate 
between the former lines, so that the motions of 
one-half the thickness of the glass ruler are precisely 
the reverse of those of the correspondmg parts .of 
the other half. 

As these singular phenomena have not yet been 
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made available by the scientific conjurer, we must 
be satisfied with this brief notice of them ; but 
there is still one property of sound, which has its 
analogy also in light, too remarkable to be passed 
without notice. This property has more of the 
marvellous in it than any result within the wide 
range of the sciences. Two loud sounds may he mad€ 
to produce silence, and two strong lights may he made 
to produce darkness ! 

If two equal and similar strings, or the columns 
of air in two equal and similar pipes, perform exactly 
100 vibrations in a second, they wiU produce each 
equal waves of sound, and these waves will conspire 
in generating an uninterrupted sound, double of 
either of the sounds heard separately. If the two 
strings or the two columns of air are not in unison, 
but nearly so, as in the case where the one vibrates 
100 and the other 101 times in a second, then at the 
first vibration the two sounds will form one of double 
the strength of either: but the one will gradually 
gain upon the other, till at the fiftieth vibration it has 
gained half a vibration on the other. At this instant 
the two sounds will destroy one another, and an inter- 
val of perfect silence will take place. The sound 
will instantly commence, and gradually increase till 
it becomes loudest at the hundredth vibration, where 
the two vibrations conspire in producing a sound 
double of either. An interval of silence will again 
occur at the 160th, 260th, 350th vibration, or every 
second, while a sound of double the strength of 
either will be heard at the 200th, 300th, and 400th 
vibration. When the unison is very defective, or 
when there is a great diflerence between the number 
of vibrations which the two strings or columns of 
air perform in a second, the successive sounds and 
intervals of silence resemble a rattle. With a pow- 
erful organ the effect of this experiment is very 
fine, the repetition of the sounds wow — wow — wow, — 
representing the donl^ed sound and the interval of 
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silence which arises from the total extinction of the 
two separate sounds. 

The phenomena corresponding to this in the case 
of light is perhaps still more surprising. If a beam 
of red light issues from a luminous point, and falls 
upon the retina, we shall see distinctly the luminous 
object from which it proceeds ; but if another pencil 
of red light issues from another luminous point any 
how situated, provided the difference between its 
distance and that of the other luminous point firom 
the point of the retina on which the first beam fell 
is the 258 thousandth part of an inch, or exactly 
ttvice, thrice, four times, &c. that distance ; and if this 
second beam falls upon the same point of the retina^ 
the one light will increase the intensity of the other, 
and the eye will see twice as much light as when it 
received only one of the beams separately. All this 
is nothing more than what might be expected from 
our ordinary eiqperience. But if the difference in 
the distances of the two luminous points is only 
one-half of the 258 thousandth part of an inch, or 
Hj 2 J, 3^, 4\ times that distance, the one light wiU 
extinguish the other, and produce absolute darkness. If 
the two luminous points are so situated that the 
difference of their distances from the point of the 
retina is intermediate between 1 and 1^, or 2 and %\ 
above the 258 thousandth part of an inch, the in- 
tensity of the effect which they produce will vary 
from absolute darkness to double the intensity of 
either light. At 1}, 2}, 3| times, &c. the 258 
thousandth of an inch, the intensity of the two 
combined lights will be equal only to one of them 
acting singly. If the lights, in place of falling upon 
the retina, fall upon a sheet of white paper, the very 
same effect will be produced, a black spot beinff pro- 
duced in the one case, and a bright white one m the 
other, and intermediate degrees of brightness in 
intermediate cases. If the two lights are violety the 
difference of distances at which tfe preceding pbe- 
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nomena will be produced will be the 157 thou-^ 
sandth part of an inch, and it will be intermediate 
between the 258 and the 157 thousandth part of an 
inch, for the intermediate colours. This curious 
phenomenon may be easily shown to the eye, by 
admitting the sun^s light into a dark room through a 
small hole about the 40th or 50th part -of an inch in 
diameter, and receiving the light on a sheet of paper. 
If we hold a needle or piece of slender wire in this 
light, and examine its shadow, we shall ^nd that the 
shadow consists of bright and dark stripes succeed- 
ing each other alternately, the stripe in the very 
middle or axis of the shadow being a bright one. 
The rays of light which are bent into the sha- 
dow, and which meet in the very middle of the 
shadow, have exactly the same length of path, so 
that they form a bright fringe of double the intensity 
of either ; but the rays which fall upon a point of 
the shadow at a certain distance from the middle 
have a difference in the length of their paths cor- 
responding to the difference at which the lights 
destroy each other, so that a black stript) is produced 
on each side of the middle bright one. At a greater 
distance from the middle, the difference becomes 
such as to produce a bright stripe, and so on, a bright 
and a dark stripe succeeding each other to the mar- 
gin of the shadow. 

The explanation which philosophers have given 
of these strange phenomena is very satisfactory, and 
may be easily understood. When a wave is made 
on the surface of a still pool of water, by plunging 
a stone into it, the wave advances along tne surface, 
while the water itself is never carried forward, but 
merely rises into a height and falls into a hollow, 
each portion of the surface experiencing an elevation 
and a depression in its turn. If we suppose two 
waves equal and similar to be produced by two se* 
parate stones, and if they reach the same spot at 
the same time, that is, if the two elevations should 
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exactly coincide, they would unite their effects and 
produce a wave twice the size of either ; but if the 
one wave should be just so far before the other that 
the hoUow of the one coincided with the elevation 
of the other, and the elevation of the one with the 
hollow of the other, the two waves would obliterate 
or destroy one another ; the elevation, as it were, of 
the one filling up half the hollow of the other, and the 
hollow of the one taking away half the elevation of 
the other, so as to reduce the surface to a leveL 
These effects will be actually exhibited by throwing 
two equal stones into a pool of water, aiid it will be 
seen that there are certain lines of a hyperbolic form 
where the water is quite smooth, in consequence 
of the equal waves obliterating one another, while 
in other adjacent parts the water is raised to a 
height corresponding to both the waves united. 

In the tides of the ocean, we have a fine example 
of the same principle. The two immense waves 
arising from the action of the sun and moon upon 
the ocean produce our spring-tides by their com« 
bination, or when the elevations of each coincide ; 
and our neap-tides, when the elevation of the one 
wave coincides with the depression of the other. 
If the sun and moon had exerted exactly the same 
force upon the ocean, or produced tide waves of the 
same size, then our neap-tides would have disap- 
peared altogether, and the spring-tide woidd have 
been a wave double of the wave produced by l^e 
sun and moon separately. An example of the effect 
of the equality of the two waves occurs in the port 
of Batsha, where the two waves arrive by channels 
of different lengths, and actually obliterate each other.' 

Now, as sound is produced by undulations or waves 
in the air, and as light is supposed to be produced 
by waves or undidations in an etherial medium, 
filling all nature, and occupying the pores of trans- 
parent bodies, the successive production of sound 
and silence by two load sounds, or of light and 
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darkness by two bright lights, may be explained in 
the very same manner as we have eicplained the in- 
crease and the obUteratiun of waves formed on the 
surjface of water. If this theory of light be correct, 
then the breadth of a wave of red light will be the 
258 thousandth part of an inch, the breadth of a 
wave of green light the 207 thousandth part of 
an inch, and the breadth of a wave of violet light 
the 157 thousandth part of an inch. 

Among the wonders of modern skill, we must 
enumerate those beautiful automata by which the 
motions and actions of man and other animals have 
been successfully imitated. I shall therefore de- 
scribe at present some of the most remarkable 
acoustic automata, in which the production of mu- 
sical and vocal sounds has been the principal object 
of the artist. 

Many very ingenious pieces of acoustic mecha 
njsm have been from time to time exhibited in 
Europe. The celebrated Swiss mechanist M. Le 
Droz constructed for the King of Spain the figure 
of a sheep, which imitated in the most /perfect man- 
ner the bleating of that animal ; and likewise the 
fi^re of a dog watching a basket of fruit, which, 
wnen any of the fruit was taken away, never ceased 
barking till it was replaced. 

The singing-bird of M. Maillardet, which he ex- 
hibited in E^nburgh many years ago, is still more 
wonderful.* An oval box, about. three inches long, 
was set upon the table, and in an instant the lid flew 
up, and a bird of the size of the humming-bird, and 
of the most beautiful plumage, started from its nest. 
After fluttering its wings, it opened its bill and per- 
formed four diflerent kinds of the most beautiful 
warbling. It then darted down into its nest, and the 
lid closed upon it. The moving power in this piece 

* A tiinUir piece of mechaniein had been pnrioatly made by M. If 
Ihoi. 

Q8 
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of mechanism is said to have been springs which 
continued their action only four minutes. As there 
was no room, within so small a figure, for accom- 
modating pipes to produce the great variety of notes 
which were warbled, the artist used only one tube, 
and produced all the variety of sounds by shortening 
and lengthening it with a moveable piston. 

Ingenious as these pieces of mechanism are, they 
sink into insignificance when compared with tlie 
machinery of M . Vaucanson, which had previously 
astonished all Europe. His two principal automata 
were the flute-player and the pipe and tabor-player. 
The flut«-player was completed in 1736, and wherever 
it was exhibited it produced the greatest sensa- 
tion. When it came to Paris it was received with 
great suspicion. The French s^avans recollected 
the story of M. Raisin, tlie organist of Troyes, who 
exhibited an automaton player upon the harpsichord, 
which astonished the French court by the variety 
of its powers. The curiosity of the king could not 
be restrained, and in consequence of his insisting 
upon examining the mechanism, there was found in 
the figure a pretty little musician five years of age. 
It was natural, therefore, that a similar piece of 
mechanism should be received with some distrust ; 
but this feeling was soon removed by M. Vaucanson, 
who exhibited and explained to a committee of the 
Academy of Sciences the whole of the mechanism. 
This learned body was astonished at the ingenuity 
which it displayed; and they did not hesitate to 
state, that the machinery employed for producing 
the sounds of the flute performed in the most exact 
manner the very operations of the most expert 
flute-player, and that the artist had imitated the 
effects produced and the means employed by nature, 
with an accuracy which exceeded aU expectation. ' 
In 1738 M. Vaucanson published a memoir, approved 
of by the Academy, in which he gave a fidl descrip- 
tion of the machinery employed, and of the princi- 
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pies of its construction. Following this memoir, 
I shall therefore attempt to give as popular a de- 
scription of the automaton as can be done without 
lengthened details and numerous figures. 

The body of the flute-player was about 6i feet 
high, and was placed upon a piece of rock, surround- 
ing a square pedestal 4^ feet high by 3^ wide. 
When the panel which formed the front of the 
pedestal was opened, there was seen on the right a 
clock movement, which, by the aid of several wheels, 
gave a rotatory motion to a steel axis about 2J 
feet long, having cranks at six equidistant points 
of its length, but lying in different directions. To 
each crank was attached a cord, which descended 
and was fixed by its other end to the upper board 
of a pair of bellows, 2h feet long and 6 inches 
wide. Six pair of bellows arranged along the bot- 
tom of the pedestal were then wrought, or made to 
blow in succession, by turning the steel axis. 

At the upper face of the pedestal, and upon each 
pair of bellows, is a double pulley, one of whose 
rims is 3 inches in diameter, and the other U. The 
cord which proceeds from the crank coils round the 
smallest of these pulleys, and that which is fixed to 
the upper board of the bellows goes round the larger 
pulley. By this means the upper board of the bel- 
lows is made to rise higher than if the cords went 
directly from them to the cranks. 

Round the larger rims of three of these pulleys, 
viz. those on the right-hand, there are coiled three 
cords, which, by means of several smaller pulleys, 
terminate in the upper boards of other three pair 
of bellows placed on the top of the box. 

The tension of each cord when it begins to raise 
the board of the bellows to which it is attached 
gives motion to a lever placed above it between the 
axis and the double pulley in the middle and lower 
region of the box. The other end of this lever 
keeps open the valve in the lower board of the bel- 
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lows, and allows the air to enter freely, while the 
upper board is rising to increase the capacity of the 
beUows. By this means there is not only power 
gained, in so far as the air gains easier admission 
through the valve, but the fluttering noise produced 
by the action of the air upon the valves is entirely 
avoided, and the nine pair of bellows are wrouj|;fat 
with great ease, and without any concussion or noise. 

These nine bellows discharge their wind into three 
different and separate tubes. Each tube receives the 
wind of three bellows, the upper boards of one of 
the three pair being loaded with a weight of four 
pounds, those of the second three pair with a weight 
of two pounds, and those of the other three pair 
with no weight at all. These three tubes ascended 
through the body of the figure, and terminated in 
three small reservoirs placed in its trunk. These 
reservoirs were thus united into one, which, as^ 
cending into the throat, formed by its enlargement 
the cavity of the mouth terminated by two small 
lips, which rested upon the hole of the flute. These 
lips had the power of opening more or less ; and by 
a particular mechanism, they could advance or recede 
from the hole in the flute. Within the cavity of the 
mouth there is a small moveable tongue for opening 
and shutting the passage for the wind through the 
lips of the figure. 

The motions of the fingers, lips, and tongue of the 
figure were produced by means of a revolving cyl- 
inder thirty inches long and twenty-one in diameter. 
By means of pegs and brass staples fixed in fifteen 
different divisions in its circumference, fifteen 
different levers, similar to those in a barrel-organ, 
were raised and depressed. Seven of these repi- 
lated the motions of the seven fingers for stoppmg 
the holes of the flute, which they did by means of 
steel chains rising through the body and directed by 
pulleys to the shoulder, elbow, and finffers. Other 
three of the levers communicatinff witti the valves 
qC the three reservoiris regulated ttie ingresk of the 
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air, so as to produce a stronger or a weaker tone. 
Another lever opened the lips so as to give a free 
passage to the air, and another contracted them for 
the opposite purpose. A third lever drew them 
backwards from the orifice of the flute, and a fourth 
pushed them forward. The remaining lever en- 
abled the tongue to stop up the orifice of the flute. 

Such is a very brief view of the general mecha- 
nism by which the requisite motions of the flute- 
player ^ere {wroduced. The airs which it played 
were probably equal to those executed by a living 
performer ; and its construction, as well as its per- 
formances, continued for many years to delight and 
astonish the philosophers and musici^s of Europe. 

Encouraged by the success of this machine, M. 
Vaucanson exhibited in 1741 other automata, which 
were equally, if not more, admired. One of these 
was the automaton duck, which performed all the 
motions of that animal, and not only ate its food, 
but digested it;* and the other was his pipe and 
tabor-player, a piece of mechanism which required 
all the resources of his fertile genius. Having begun 
this machine before he was aware of its pecimar 
difficulties, he was often about to abandon it in des- 
pair, but his patience and his ingenuity combined 
enabled him, not only to surmount every difficulty, 
but to construct an automaton which performed 
complete airs, and greatly excelled the most es- 
teemed performers on the pipe and tabor. 

The figure stands on a pedestal, and is dressed 
like a dancing shepherd. He holds in one hand a 
flageolet, and in the other the stick with which he 
beats the tambourin as an accompaniment to the 
airs of the flageolet, about twenty of which it is ca- 
pable of performing. The flageolet has only three 
holes, and the variety of its tones depends princi- 
pally on a proper vanation of the force of the wind, 
and on the difierent degrees with which the orifices 

* See Letter XL 
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are covered. These variations in the force of the 
wind required to be given with a rapidity which the 
ear can scarcely fol&w, and the articulation of the 
tongue was required for the quickest notes, other- 
wise the effect was far from agreeable. As the hu- 
man tongue is not capable of giving the requisite ar- 
ticulations to a rapid succession of notes, and gene- 
rally slurs over one-half of them, the automaton was 
thus able to excel the best performers, as it {dayed 
complete airs with articulations of the tongue at 
every note. 

In constructing this machine M . Yaucanson ob- 
served that the flageolet must be a most fatiguing 
instrument for the human lungs, as the muscles of 
the chest must make an effort equal to 56 pounds in 
order to produce the highest notes. A single ounce 
was sufficient for the lowest notes ; so that we may, 
from this circumstance, form an idea of the variety 
of intermediate effects required to be produced. 

While M. Vaucanson was engaged in the construc- 
tion of these wonderful machines, his mind was filled 
with the strange idea of constructing an automaton 
containing the whole mechanism of the circulation 
of the blood. From some birds which he made he 
was satisfied of its practicability ; but as the whole 
^vascular system required to be made of elastic gum 
or caoutchouc, it was supposed that it could only be 
executed in the country where the caoutchouc-tree 
was indigenous. Louis XVI. took a deep interest 
in the execution of this machine. It was agreed 
that a skilful anatomist should proceed to Guyana, 
to supermtend the construction of the blood-vessels, 
and the king had not only approved of, but had given 
orders for, the voyage. Difficulties, however, were 
thrown in the way ; Vaucanson became disgusted, 
and the scheme was abandoned. 

The two automata which we have described were 
purchased by Professor Ba)nreuss of Helmstadt ; Imt 
we have not been able to learn whether or not they 
still exist. 
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Towards the end of the eeventeenth century z 
bold and almost succesBful attempt was made to con- 
struct a talking aatomalon. In the year 1T7S, the Ini' 
perial Academy of Sciences at St. Petersburg pro- 
posed SB the subject of one of their annual prizes 



for artificially imitating them. This prize was 
gained by M. Kratzenstein, who showed that aU the 
vowels could be distinctly pronounced by blowing 
through a reed into the lower ends of the pipes of 
the annexed figuresi aa ahown in Fig. 47, where the 

Fig. 47. 





corresponding vowels are marked on the different 
pipes. The vowel I ia pronounced by merely blowing 
into the pipe o i of the pipe marked I, without th« 
use of a reed. 

About the same time that Kratzenstein was en- 
gaged in these researches, M. Kempelen of Vienna, 
a celebrated mechanician, was occupied with the 
same subject. In his flrst attempt he produced the 
vowel sounds, by adapting a reed R, Fig. 48, to the 
bottom of a funnel-shaped cavity AB, and placing 
his hand in various positions within the lunnel. TTiis 
contrivance, however, was not fitted for his purpose; 
but after long study, and a diligent examiuatiDn of 
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the organs of speech, he contrived a hollow oval 
box, divided into portions attached by a hinge sq as 
to resemble jaws. This box received the sound 
which issued from the tube connected with the reed, 
and by opening and closing the jaws, he produced 
the sounds A, O, OU, and an imperfect E, but no 
indications of an I. After two years^ labour he suc- 
ceeded in obtaining from different jaws the sounds 

Fig, 48. 




of the consonants P, M, L, and by means of these 
vowels and consonants he could compose syllables 
and words, such as mamma, papa, aula, lama, rmdo. 
The sounds of two adjacent letters, however, ran into 
each other, and an aspiration followed some of the 
consonants, so that instead oipapa the word sounded 
phaa-ph-a ; these difficulties he contrived with much 
labour to surmount, and he found it necessary to im- 
itate the human organs of speech by having only 
one mouth and one glottis. The mouth consisted 
of a funnel or bell-shaped piece of elastic gum, which 
approximated, by its physical properties, to the soft- 
ness and flexibility of the human organs.* To the 
mouth-piece was added a nose made of two tin 



* Had M. Kempelen known tbe modern discovery of giviiv 
ebonc any degree of aoftnesa, by mixing it with molamesor migar, wliiek 
li always absorbing moisture flrom tbe atmospbere, ha mi^ hAT« ^ 
tjtartaatfflnwwpMritolirttwlonof thtlttmMiDriiai. 
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tubes, which communicated with the mouth. When 
both these tubes were open^ and the mouth-piece 
closed, a perfect M was produced, and when one was 
closed and the other open, an N was sounded. M. 
Kempelen could have succeeded in obtaining the four 
letters D, G, K, T, but by using a P instead of them, 
and modifying the sound in a particular manner, he 
contrived to deceive the ear by a tolerable resem- 
blance of these letters. 

There seems to be no doubt that he at last was 
able to produce entire words and sentences, such 
as, opera, ^^tronomy, Constantinopolis, vous etis mon 
ami, je vous cnme de tout mon coRur, venez avec moi d 
Paris, Leopoldus secundtts, Romanorum imperator 
semper Augustus, <5fc. ; but he never fitted up a speak- 
ing figure, and probably, from being dissatisfied with 
the general result of his labours, he exhibited only 
to his private friends the effects of the apparatus, 
which was fitted up in the form of a box. 

This box was rectangular, and about three feet 
long, and was placed upon a table and covered with 
a cloth. When any particular word was mentioned 
by the company, M. Kempelen caused the machine 
to pronounce it, by introducing his hands beneath the 
cloth, and apparently giving motion to some parts 
of the apparatus. Mr. Thomas CoUinson, who had 
seen this machine in London, mentions in a letter 
to Dr. Hutton, that he afterward saw it at M. Kem- 
pelen's own house in Vienna, and that he then gave 
it the same word to be pronounced which he gave 
it in London, viz. the word Exploitation, which, he 
assures us, it again distinctly pronounced, with the 
French accent 

M. Kratzenstein seems to have been equally un- 
successful, for though he assured M. De Lalande, 
when he saw him in Paris in 1786, that he had made 
a machine which could speak pretty well, and though 
he showed him som6 of the apparatus by which it 
•ooldMUiid lh« Yowdsy and eveif such syllaMNM as 

R 
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vapa and mamma, yet there is no reason to believe that 
ne had accomplished more than this. 

The labours of Kratzenstein and Kempelen have 
been recently pursued with ffreat success by our 
ingenious countryman Mr. Willis of Cambfi^e. 
In repeating Kempelen's experiment, shown in ng. 

48, he used a shallower cavity, such as that in Vig. 

49, and found that he could entirely dispense wiu 
the introduction of the hand, and could obtain the 

Fig, 49. 




whole series of vowels, by shding a flat boaid CD 
over the mouth of the cavity. Mr. Willis thea 
conceived the idea of adapting to the reed cylin- 
drical tubes, whose length could be varied by slidiiig 
joints. When the tube was greatly less than the 
length of a stopped pipe in unison with the reed, it 
sounded I, and by increasing the length of the tdbe 
it gave E, A , O, and U in succession. But, what was 
very unexpected, when the tube was so nrach 
lengthened as to be U times the length of a stopped 
pipe in unison with the reed, the vowels began to 
be again sounded in an inverted order, viz. U, O, A, 
£, and then again in a direct order, I, E, A, O, I], 
when the length of the tube was equal to twice that 
of a stopped pipe, in unison with the reed. 
Some important discoveries hara been noeot^ 
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made by M. Savart respecting^ the mechanism of 
the human voice,* and we hare no doubt that be- 
fore another century is completed a talking and a 
singing machine will be numbered among the con- 
quests of science. 



LETTER IX. 

fincolar Eflbeti In Nature depending on Sonhd— Penntnent Cluuracter 
or Speeeb—Inflnenee of great Elevations on tbe Character of Sounds, 
and on the Powers of Speech— Power of Sound in tbrowina down 
Bnildin|nh— Dog killed by Sound— Sounds greatly changed under par- 
tienlar CHrewnstance s G reat Audibility of Sounds during tbe Night 
•Jtpiained— Sounds deadened In Bfediaof dURsrent Densitie*— Illustrated 
in tbe Cue of a Glass of Champaign, and in that of new-Mien Snow 
— Scmarlmble Echoes— Rermroeratious of Thunder— Subterranean 
Wb ta ss B wnarkableone at the 8(dAterr»— Echo at the Menai Suspen- 
sion Bridge— Temporary Deafhess produced in DiTing-bells— Inaudi- 
bility of particular Sounds to particular Ears— Vocal Powers of the 
Statae of Memnon— Sounds In granite Rocks— Musical Mountain of 
Bl-Nakooa. 

Although among the phenomena of the material 
world there is scarcely one which, when well con- 
sidered, is not an object of wonder, yet those which 
we have been accustonied to witness from our in- 
iiancy lose all their interest from the frequency of 
their occurrence, while to the natives of otner coun- 
tries they are unceasing objects of ^tonishment and 
delight. The inhabitant of a tropical climate is 
confounded at the sight of falling snow, and he al- 
most discredits the evidence of his senses when 
he sees a frozen river carrying loaded wagons on 
its surface. The diffusion of £iowledge by books, 
as well as by frequent communication between the 
natives of different quarters of the globe, have de- 
prived this class, of local wonders of their influence 

* Saa MiMurih Journal ^Seitnct, No. tIU. p. SOO. 
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and the Indian and the Scandinanan can visit enA 
other's lands without any violent excitement of 
surprise. Still, however, there are phenomena of 
rare occurrence, of which no description can con- 
vey the idea, and which continue to be as deeply 
marked with the marvellous as if they had been 
previously unknown. Among these we may rank 
the remai^able modifications which sound undergoes 
in particular situations and under particular circum- 
stances. 

In the ordinary intercourse of life, we recognise 
individuals as much by their voices as by the fea- 
tures of their face and the form of their body, A 
friend who has been long absent will often tAmtd 
before us as a stranger, till his voice simplies us 
with the full power of recognition. The mod im- 
printed by time on his outer form may have eAwNsd 
the youtmul image which the memory had cherished, 
but the ori^al character of his voice and its yet le- 
membered tones will remain unimpaired. 

An old Mend with a new face is not more oomoMm 
in its moral than in its physical acceptation, and 
though the ssigacity of proverbial wisdom has not 
supplied us with the counterpart in relation to the 
human voice, vet the influence of its immutability 
over the mind has been recorded by the poet in some 
of his most powerful conceptions. When Manflred 
was imable to recognise in the hectic phantom of 
Astarte the endear^ lineaments of the being whom 
he loved, the mere utterance of his name recalled 
'* the voice which was his music,*^ and invested her 
with the desired reality. ^ 

flay on, ny ob— 
I Uvtt bat in tbe aound—It ia tby Toioe ! 

Btkok. 

The permanence of character thus impressed upon 
speech exists only in those regions to whose atmo^ 
sphere our vocal organs are adapted. If either the 
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speaker or the hearer is placed in air differing^ greatly 
in density from that to which they are accustomed, 
the voice of the one will emit different sounds, or 
the same sounds will produce a different impres- 
sion on the ear of the other. But if both parties 
are piaced in this new atmosphere, their tones of 
communication will suffer the most remarkable 
change. The two extreme positions where such 
effecte become sufficiently striking are in the com- 
pressed air of the diving-bell, when it is immersed 
to a great depth in the sea, or in the rarefied atmo- 
sphere which prevails on the summit of the Himalaya 
or the Andes. 

In the region of common life, and even at the 
stillest hour of night, the ear seldom rests from its 
toils. When the voice of man and the bustle of his 
labours have ceased, the sounds of insect life are re- 
doubled, the niffht breeze awakens among the rust- 
ling leaves, and the swell of the distant ocean, and 
the sounds of the falling cataract or of the murmur- 
ing brook, fill the air with their pure and solemn 
music, llie sublimity of deep silence is not to be 
found even in the steppes of the Volga, or in the 
forests of the Orinoco. It can be felt only in those 
lofty regions 

Where the tops of tbe An&f 
Shoot MMiingly forth. 

As the traveller rises above the limit of life and 
motion, and enters the region of habitual solitude, 
the death-like silence which prevails around him is 
rendered still more striking by the diminished den- 
sity of the air which he breathes. The voice of 
his fellow-traveller ceases to be heard even at a 
moderate distance, and sounds which would stun 
the ear at a lower level make but a feeble impres- 
sion. The report of a pistol on the top of Mount 
Blanc is no louder than that of an Indian cracker 
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But while the thinness of the air thus snbdoes the 
loudest sounds, the voice itself undergoes a 8in<^i 
gular change : the muscular energy by which we 
speak experiences a great diminution^ and our 
powers of utterance, as well as our power of hear- 
ing, are thus singularly modified. Were the magi> 
cian, therefore, who is desirous to impress upon his 
victim or upon his pupil the conviction of his super- 
natural power, to carry him, under the injunction of 
silence, 



-to breathe 



The difficult air of the iced mountain's top, 
Wbere the birds dare not build, nor insect's wing 
Flit o'er the herbless granite, 

he would experience little difficulty in arrestiiig^ 
his power over the elements, and still less in, sub* 
sequently communicating the same influence to hie 
companion. 

But though the air at the tops of our highest 
mountains is scarcely capable of transmitting sounds 
of ordinary intensity, yet sounds of extraordinary 
power force their way through its most attenuated 
strata. At elevations where the air is t^ree thou- 
sand times more rare than that which we breathe, 
the explosion of meteors is heard like the sound of 
cannon on the surface of the earth, and the whole 
air is often violently agitated by the sound. This 
fact alone may give us some idea of the tremendous 
nature of the forces which such explosions create, 
and it is fortunate for our species that they are 
confined to the upper regions of the atmosphere. 
If the same explosions were to take place in the 
dense air which rests upon the earth, our habitations 
and our lives would be exposed to the most inuni- 
nent peril. 

Buildings have often been thrown down by vio- 
lent concussions of the air, occasioned either by tiie 
sound of great guns or by loud thttnder, sm the 
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most serious effects upon human and animal life 
have been produced by the same cause. Most per- 
sons have experienced the stunning pain produced 
in the ear when placed near a cannon that is dis- 
charged. Deafness has frequently been the result 
of such sudden concussions, and if we may reason 
from analogy^ death itself must often have been the 
consequence. When peace was proclaimed in Lon- 
don in 1697, two troops of horse were dismounted 
and drawn up in line m order to fire their volleys. 
Opposite the centre of the line was the door of a 
butcher's shop, where there was a large mastiff dog 
of great courage. This dog was sleeping by the 
fire, but when the first volley was fired, it imme- 
diately started up, ran into another room, and hid 
itself under a bed. On the firing of the second 
volley, the dog rose, ran several times about the 
room, trembli]^ violently, and apparently in great 
agony. When the third volley was fired, the dog 
ran about once or twice with great violence, ana 
instantly fell down dead, throwing up blood from 
his mouth and nose. 

Sounds of known character and intensity are 
often singularly changed even at the surface of the 
earth according to the state of the ground and the 
conditions of the clouds. On the extended heathy 
where there are no solid objects capable of reflect- 
ing or modifying sound, the sportsman must fre- 
quently have noticed the unaccountable variety of 
sounds which are produced by the report of his 
fowling-piece. Sometimes they are flat and pro- 
longed, at other times short and sharp, and some- 
times the noise is so strange that it is referred to 
some mistake in the loading of the gun. These 
variations, however, arise entirely from the state 
of the air, and from the nature and proximity of 
the superjacent clouds. In pure air of uniform 
density the sound is sharp and soon over, as the 
mdalations of the air advance without any inter* 
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rupting obstacles. In a foggy atmosphere, or where 
the vapours produced by heat are seen dancing, as 
it were, in the air, the sound is dull and proloi^ed; 
and when these clouds are immediately overheadt 
a succession of echoes from them produces a con- 
tinued or a reverberating sound. When the French 
astronomers were determining the velocity of sound 
by firing great guns, they observed that the report 
was always single and sharp under a perfectly clear 
sky, but indistinct, and attended by a long con- 
tinued roll like thunder, when a cloud covered a 
considerable part of the horizon. It is no doubt 
owing to the same cause, namely, the reflection 
from the clouds, that the thunder rolls through the 
heavens, as if it were produced by a succession of 
electric explosions. 

The great audibility of sounds during the night 
is a phenomenon of considerable interest, and one 
which had been observed even by the ancients. In 
crowded cities, or in their vicinity, the effect was 
generally asciilTed to the rest of animated beings, 
while in locahties where such an explanation was 
inapphcable, it was supposed to arise from a favour- 
able direction of the prevailing wind. Baron Hum- 
boldt was particularly struck with this phenomenon 
when he first heard the rushing of the great cata- 
racts of the Orinoco in the plain which surrounds 
the mission of the Apures. These sounds he re- 
garded as three times louder during the night than 
during the day. Some authors ascribed this fact 
to the cessation of the humming of insects, the 
singing of birds, and the action of the wind on the 
leaves of the trees ; but M. Humboldt justly main- 
tains that this cannot be the cause of it on the 
Orinoco, where the buzz of insects is much louder 
in the night than in the day, and where the breeze 
never rises till after sunset. Hence he was led to 
ascribe the phenomenon to the perfect transparency 
and uniform density of the air, which can exist 



HOimM BimiNO TBE NMHT. 801' 

only at night after the heat of the gronnd has been 
uniformly difllused through the atmosphere. When 
the rays of the sun have been beating on the ground 
during the day, currents of hot air of different 
temperatures, and consequently of different densi- 
ties, are constantly asceiuling from the ground and 
mixing with the cold air above. The air thus ceases 
to.be a homogeneous medium, and every person 
must have ob^rved the effects of it upon objects 
seen through it which are very indistinctly visible, 
and have a tremulous motion, as if tl^y were 
" dancing in 'the air." The very same effect is per- 
ceived when we look at objects through spirits and 
water that are not perfectly mixed, or when we 
view distant objects over a red-hot poker or over 
a flame. In all these cases the light suffers refhic- 
1km in passing from a medium of one density into 
a medium of a different density, and the refracted 
rays are constantly changing their direction as the 
different currents rise in succession. Analogous 
•ifocts are produced when sound passes through a 
mixied medium, whether it consists of two different 
mediums or of one medium where portions of it 
have different densities. As sound moves with dif- 
ferent velocities thrx)ugh media of different densities, 
the wave which produces the sound will be partly 
reflected in passing from one medium to the other, 
and the direction of the transmitted wave changed i 
and hence in passing through such media different 
pNortions of the wave will reach the ear at different 
times, and- thus destroy the sharpness and distinct- 
ness of the sound. This may be proved by many 
striking facts. If we put a oell in a receiver con- 
taining a mixture of hydrogen gas and atmospheric 
air, the sound of the bell can scarcely be heard. 
Dining a shower of rain or of snow, noises are 
greatly deadened, and when sound is transmitted 
along an iron wire or an iron pipe of sufficient length, 
we actually hear two sounds, one transmitted more 
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rapidly through the solid, and the other more slo^y 
through the air.. The same property is well illiis- 
trated by an elegant and easily repeated experiment 
of Chladni's. When sparkUng champaign is poured 
into a tall glass till it is half full, the glass loses its 
power of ringing by a stroke upon its edge, and 
emits only a disagreeable and pufiy sound. This 
effect wiU continue while the wine is filled with 
bubbles of air, or as long as the efTenrescence lasts ; 
but when the effervescence begins to subside, the 
sound becomes clearer and clearer, and the glass 
rings as usual when the air-bubbles have vanished. 
If we reproduce the effervescence by stirring the 
champaign with a piece of bread, the glass will 
again cease to ring. The same experiment will 
succeed with other effervescing fluids. 

The difference in the audibility of sounds that 
pass over homogeneous, and over mixed media is 
sometimes so remarkable as to astonish those who 
witness it. The following fact is siven on the evi- 
dence of an officer who observed it : — ^When the 
British and the American forces were encamped on 
each side of a river, the outposts were so near that 
the form of individuals could be easily distinguished. 
An American drummer made his appearance, and 
began to beat his drum, but though the motion of 
his arms were distinctly seen, not a single sound 
reached the ear of the observer. A coating of snow 
that had newly fallen upon the ground, and the thick- 
ness of the atmosphere, had conspired to obstruct 
the sound. An effect the very reverse of this is 
produced by a coating of glazed or hardened snow, 
or by an extended smface of ice or water. Lieu- 
tenant Foster was able to carry oh a conversation 
with a sailor across iPort Bowen harbour, a distance 
of no less than a mile and a quarter, and the sound 
of great guns has been heard at distances varyufur 
from 12Q to 200 miles. Over bard and dry eround 
of a uniform character, or where a thin sou ivsts 
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upon a contiguous stratum of rock, the soimd is 
heard at a great distance, and hence it is the prac- 
tice among many Eastern tribes to ascertain, the 
approach of an enemy by appl3dng the ear to the 
ground. 

Many remarkable phenomena in the natural world 
are produced by the reflection and concentration of 
souikI. Every person is familiar with the ordinary 
echo which arises from the reflection of sound from 
an even surface, such as the face of a wall, of a 
house, of a* rock, of a hill, or of a doud. As sound 
moves at the rate of 1090 feet in a second, and as 
the sound which returns to the person who emits it 
has travelled over a space equal to twice his distance 
from the reflecting surface, the distance in feet of 
the body which occasions the echo may be readily 
found by multipl3dng 545 by the number of second 
which elapse between the emission of the sound 
and its return in the form of an echo. This kind of 
epho, where the same person is the speaker and the 
hearer, never takes place unless when the observer 
is immediately in front of the reflecting surface, or 
when a line drawn from his mouth to the flat surface 
is nearly perpendicular to it, because in this case 
alone the wave of sound is reflected in the very 
same direction from the wall in wliich it reaches it. 
If the speaker places himself on one side of this 
line, then the echo will be heard most distinctly by 
another person as -far on the other side of it, because 
the waves of sound are reflected like light, so that 
the angle of incidence, or the inclination at which 
the sound falls upon the reflected surface^ is equal 
to the ang^le of reflection, or the inclination at which 
the soundis returned from the wall. If two persons, 
therefore, are placed before the reflecting wall, the 
one will hear the echo of the sound emitted by the 
other, and obstacles may intervene between these 
two persons so that neither of them hears the direct 
wofoaji emitted by the other ; jn the same manner a» 
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the same persons similarly placed before a looUng'- 
glass woidd see each other distinctly by reflection, 
though objects might obstruct their direct Tiew of 
each other. 

Hitherto we have supposed that there is only one 
reflecting surface, in which case there will be oidy 
one echo : but if there are several reflecting sur- 
faces, as is the case in an amphitheatre of moun- 
tains, or during a thunder-storm, where there are 
several strata or masses of clouds ; or if there are 
two parallel or inclined surfaces between which the 
sound can be repeatedly reflected, or if the surface 
is curved so that the sound reflected from one part 
falls upon another part, like the sides of a polygon 
inscribed in a circle, — ^in all these cases there will 
be numerous echoes, which produce a very singular 
effect. Nothing can be more grand and suUime than 
the primary and secondary echoes of a piece of ord- 
nance discharged in an amphitheatre of precipitous 
mountains. The direct or primary echoes from 
each reflecting surface reach the ear in succession, 
according to their different distances, and these are 
either blended with or succeeded by the secondary 
echoes, which terminate in a prolonged growl end- 
ing in absolute silence. Of the same character are 
the reverberated claps of a thunder-bolt reflected 
from the surrounding clouds, daad dving away in the 
distance. The echo which is produoed by parallel 
walls is finely illustrated at the Marquis of Siraon- 
etta^s villa near Milan, which has been described by^ 
Addison and Keysler, and which we believe is that 
described by Mr. Southwell in the Philosoidiieal 
Transactions for 1746. Perpendicular to the main^ 
body of this villa there extend two parallel wings 
about fifty-eight paces distant from each other, and 
the surfaces <^ which are unbroken either with doors 
or windows. The sound of the human voice, or 
rather a word quickly pronounced, is repeated iibove 
tarty tim«s, and the report of ^ pistol ftom itf^Hiix 
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to sixty times. The repetitions, however, follow in 
such rapid succession that it is difficult to reckon 
them, unless early in the morning before the equal 
temperature of the atmosphere is disturbed, or in a 
calm sUU eyeninff. The echoes appear to be best 
heai;d from a window in the main building between 
the two projecting walls, from which the pistol also 
is fired* Dr. Plot mentions an echo in Woodstock 
Park which repeats seventeen syllables by day and 
twenity by ai^t. An echo on the north side of 
Shipley church in Sussex repeats twenty-one sylla- 
bles. Sir John Herschel mentions an echo in the 
Manfroni palace at Venice, where a person standing 
in the centre of a square room about twenty-five 
feet high with a concave roof, hears the stamp of 
his foot repeated a great many times, but as his 
position deviates from the centre, the echoes become 
feebler, and at a short distance entirely cease. The 
same phenomenon, he remarks, occurs in the large 
room of the library of the museum at Naples. M* 
Genefay has ilescribed as existing near Rouen a 
curious oblique echo which is not heard by the per-> 
son who emits the sound. A person who sings 
hears only his own voice, while those who listen 
hear only the echo, which sometimes seems to ap^ 
proach, and at other times to recede from the ear: 
one person hears a single sound, another several 
sounds, and one hears it on the right and another 
on the left, the effect always changing, as the hearer 
changes his position. Dr. Birch has described an 
extraordinary echo at Roseneath in Argyleshire, 
which certamly does not now exist. When eight 
or ten notes were played upon a trumpet, they were 
correctly repeated, but on a key a third lower. 
After a short pause another repetition of the notes 
was heard in a stm lower tone, and after another 
short interval they were repeated in a still lower 
tone, 
la tbe same manner as light 10 always lost by re- 

S 
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jQection, so the waves of sound are enfeebled by re- 
flection from ordinary surfaces, and the eclio is in 
such cases fainter than the original sound. If the 
reflecting surface, however, is circular, sound may 
be condensed and rendered stronger in the same 
manner as light. I have seen a fine example of thisy 
in the circular turn of a garden wall nearly a mile 
distant from a \^eir across a river. When the air 
is pure and homogeneous, the rushing sound of the 
water is reflected from the hollow surface of the 
wall, and concentrated in a focus, the place of which 
the ear can easily discover from the intensity of the 
sound being there a maximum. A person not ac- 
quainted with the locality conceives that the rushing 
noise is on the other side of the waU. 

In whispering galleries, or places where the low- 
est whispers are carried to distances at which the 
direct sound is inaudible, the sound maybe conveyed 
in two ways, either by repeated reflections from a 
curved surface in the direction of the sides of a 
polygon inscribed in a circle, or where the whis- 
perer is in the focus of one reflecting surface, and 
the hearer in the focus of another reflecting surface, 
which is placed so as to receive the reflected sounds. 
The first of these ways is exemplified in the whis- 
pering gallery of St. Paul's and in the octagonal 
gallery of Gloucester Cathedral, which conveys a 
whisper 75 feet across the nave, and the second in 
the baptistery of a church in Pisa, where the archi- 
tect Giovanni Pisano is said to have^ constructed the 
cupola on purpose. The cupola has an elliptical 
form, and when one person whispers in one focus, 
it is distinctly heard by the person placed in the 
other focus, but not by those who are placed between 
them. The sound first reflected passes across the 
cupola, and enters the ears of the intermediate per- 
sons, but it is too feeble to be heard, till it has been 
condensed by a second reflection to the other focus 
of ellipse. A naval oflker, who travelled thromgli 
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Sicily in the year 1824, gives an account of a pow- 
erful whispering pUce in the cathedral of Girgenti, 
where the slightest whisper is carried with perfect 
distinctness through a distance of 250 feet, from the 
great western door to the cornice behind the high 
altar. By an unfortunate coincidence, the focus of 
one of the reflecting surfaces was chosen for the 

Slace of the confessional, and when this was acci- 
entally discovered, the lovers of secrets resorted 
to the 'Other focus, and thus became acquainted with 
confessions of the gravest import. This divul^ence 
of scandal continued for a considerable time, till the 
eager curiosity of one of the dilettanti was punished, 
by hearing his wife's avowal of her own mfidelity. 
Tfiiis circumstance gave publicity to the whispering 
peculiarity of the cathedral, and the confessions! 
was removed to a place of greater secrecy. 

An echo of a very peculiar character has been de- 
scribed by Sir John Herschel in his Treatise on 
Sound, as produced by the suspension bridge across 
the Menai strait in Wales. " The sound of a blow 
with a hammer," says he, " on one of the main piers, 
is returned in succession from each of the crossbeams 
which support the road-way, and from the opposite 
pier at a distance of 576 feet ; and in addition to 
this, the sound is many times repeated between the 
water and the road-way. The effect is a series of 
sounds which may be thus written : the first re- 

Fig. 50. 
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turn is sharp and strong from the road-way over- 
head ; the rattling which succeeds dies away rapidly, 
but the single repercussion from the opposite pier 
is very strong, and is succeeded by a faint palpita- 
tion repeating the sound at the rate of twenty-eight 
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times in five seconds, and which, therefore, corres- 
ponds to a distance of 184 feet, or very nearly 
the double interval from the road-way to the water. 
Thus it appears that in the repercussion between 
the water wad road-way, that from the latter oidy 
affects the ear, the line drawn from the auditor to 
the water being too oblique for the sound to diverge 
sufficiently in that direction. Another peculiarity 
deserves especial notice, namely, that the echo from 
the opposite pier is best heard when the auditor 
stands precisely opposite to the middle of the breadth 
of the pier, and strikes just on that point. As it 
deviates to one or the other side, the return 'is pro- 
portionally fainter, and is scarcely heard by nim 
when his station is a little beyond the extreme edge 
of the pier, though another person stationed (on the 
same side of the water) at an equal distance from 
the central point, so as to have the pier between 
them, hears it well." 

A remarkable subterranean echo is often heard 
when the hoofs of a horse or the wheels of a carriage 
pass over particular spots of ground. This sound 
IS frequently very similar to that which is pro- 
duced in passing over an arch or vault, and is com- 
monly attributed to the existence of naturad or ar- 
tificisu caves beneath. As such caves have often 
been constructed in times of war as places of secu- 
rity for persons and property, many unavailing at- 
tempts have been made to discover hidden trea- 
sures where their locality seemed to be indicated 
by subterraneous sounds. But though these sounds 
are sometimes produced by excavations in the 
ground, yet they generally arise from the nature 
of the materials of wliich the ground is composed, 
and from their manner of combination. If the hol- 
low of a road has been filled up with broken rock, 
or with large water-worn stones, having hoUowa 
either left entirely empty, or filled up wit)i materisds 
of different density, then the sound will be reflected 
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in passing from the loose to the dense materials, 
and there will arise a great number of echoes reach- 
ing the ear in rapid succession, and forming by 
tl^ir union a hollow rumbling sound. This prin- 
ciple has been very successfuUy appUed by Sir John 
Herschel to explain the subterranean sounds with 
which every traveller is familiar who has visited the 
Solfaterra near Naples. When the ground at a 
particular place is struck violently by throwing a 
large stone against it, a peculiar hoUow sound is 
distinctly heard. This sound has been ascribed bv 
some geologists to the existence of a great vault 
communicating with the ancient seat of the volcano, 
by other writers to a reverberation from the sur- 
rounding hills with which it is nearly concentric, 
and by others to the porosity of the ground. Dr. 
Daubeny, who says that the hollow sound is heard 
when any part of the Solfaterra is struck, accounts 
for it by supposing that the hill is not made up of 
one entire rock, but of a number of detached blocks, 
which, hanging, as it were, by each other, form a 
sort of vault over the abyss within which the vol- 
canic operations are going on.* Mr. Forbesj who 
has given the latest and most interesting description 
of this singular volcano,t agrees in opinion with Dr. 
Daubeny, while Mr. ScropeJ and Sir John Herschel 
concur m opinion that no such cavities exist. " It 
seeins most probable," says the latter, " that the 
hollow reverberation is nothing more than an as- 
semblage of partial echoes arising from the reflection 
of successive portions of the original sound in its 
progress through the soil at the innumerable half- 
coherent surfaces composing it: were the whole 
soil a mass of sand, these reflections would be so 
strong and frequent as to destroy the whole impulse, 

* DeRcription of Volcanoeti, p. 170. 
i Edinburgh Journal of Science^ N. Series, No. L p. 184. 
i Considerations on Volcanoes, and Edinburgh Journal qf SM*nC9, 
No. IX. p. Ml, tnd No. sir. p. 985. 

L2 



2^10 LSTTBR8 OK NATUIUL lUOlC. 

in too short an interval to allow of a< 
after-sound. It is a case analogous to fhat of a 
strong light thrown into a milky medium or smoky 
atmo^here; the whole medium appears to siune 
with a nebulous undefined light. Tms is to the eye 
what such a hollow sound is to the ear."* 

It has been recently shown by M. Sarart that 
the human ear is so extremely sensible as to be ca- 
pable of appreciating sounds which arise from about 
twenty-four thousand vibrations in a second, and 
consequently, that it can hear a sound which lasts 
only the twenty-four thousandth part of a second. 
Vibrations of such freqnency afford only a shrill 
squeak or chirp ; and Ur, WoUaston has shown that 
there are many individuals, with their sense of heiu:- 
ing entire, who are altogether insensible to such 
acute sounds, though others are painfully affected by 
them. Nothing, as Sir John Herschd remarks, can 
be more surprising than to see two persons, neither 
of them deaf, the one complaining of the penetrating 
shrillness of a sound, while the other maintains 
there is no sound at all. Dr. WoUaston has also 
shown that this is true also of very grave sounds, 
so that the hearing or not hearing of musical notes 
at both extremities of the scale seems to depend 
whoUy on the pitch or frequency of vibration con^ 
stituting the note, and not upon the intensity or 
k>udness of the noise. This affection of the ear 
sometimes appears in cases of common deafness, 
where a shrill tone of voice, such as that of women 
and children, is often better heard than the loud and 
deeper tone of men. 

Dr. WoUaston remarked, that when the mouth 
and nose are shut, the tympanum or drum of the 
ear may be so exhausted by a forcible attempt to 
take breath by the expansion of the chest ; the 
pressure of the external air upon the membrane 

* Art. Swundt Baeyd. Metrof. % 110. 
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l^yes it such a tension that the ear becomes insen* 
sible to grave tones, without losing in any degree 
the perception of sharper sounds. Dr. WoUastoH 
found, that after he had got into the habit of making 
the experiment, so as to be aiAe to produce a 

Seat d^^e of exhaustion, his ears were insensible 
all sounds below F, marked by the bass cliff. 
** If I strike the table before me," says he, " with 
the end of my finger, the whole board sounds with a 
deep dull note. If I strike it with my nail, there 
is also at the same time a sharp sound produced bj 
quicker vibrations of parts around the point of ocmi^ 
tact. When the ear is exhausted it hears only the 
latter sound, without perceiving in any degree the 
deeper note of the whole table. In the same man- 
ner, in listening to the sound of a carriage, the 
deeper rumbling noise of the body is no longer heard 
by an exhausted ear ; but the rattle of a chain or 
loose screw remains at least as audible as before 
exhaustion." Dr. Wollaston supposes that this ex- 
cessive tension of the drum of the ear, when pro- 
duced by the compressed air in the diving-bell, will 
also produce a corresponding deafness to law tones* 
This curious experiment has been since made by 
Dr. Oolladon when descending in the diving-bell at 
Howth in 1820. " We descended," says he, " so 
slowly that we did not notice the motion of the bell ; 
but as soon as the bell was immersed in water, we 
felt about the ears and the forehead a sense of pres- 
sure, which continued increasing during some min- 
utes. I did not, however, experience any pain in th« 
ears; but my companion suffered so much that 
we were obliged to stop our descent for a short 
time. To remedy that inconvenience, tlie work- 
men instruct^ us after having closed our nostrils 
and mouth, to endeavoiur to swallow and to restrain 
our respiration for some moments, in order that, 
by this exertion, the internal air might act on the 
fi«tachiaii tabe. My compudon^ however, hmving 
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tried it, found himself very Kttle relieved by this 
remedy. After some minutes, we resumed our de- 
scent. My friend suffered considerably: he was 
pale ; his lips were totally discoloured ; his ap- 
pearance was that of a man on the point of fainting ; 
ne was in involuntary low spirits, owing, perhaps, 
to the violence of the pain, added to that kind of 
i^prehension which our situation unavoidably^ in- 
spired. This appeared to me the more remarkable 
as my case was totally the reverse. I was in a 
state of excitement resembling the effect of some 
spirituous liquor. I soffored no pain ; I experienced 
only a strong jNressure round my head as if an iron 
circle had teen bound about it. I spoke with the 
workmen, and had some difficulty in hearing them. 
This difficulty of hearing rose to such a height, that 
during three or four minutes I could not hear them 
speak. I could not, indeed, hear myself speak, 
though I spoke as loudly as possible ; nor did even 
the great noise caused by the violence of the cur- 
rent against the sides of the bell reach my ears." 

The effect thus described by Dr. CoUadon is dif- 
ferent from that anticipated by Dr. Wollaston. He 
was not merely deaf to low tones, but to all sounds 
whatever; and I have found by repeated experiment, 
that my own ears become perfectly insensible even 
to the shrill tones of the female voice, and of the 
voice of a child, when the drum of the ear is thrown 
into a state of tension by yawning. 

With regard to sounds of high pitch at the other 
extremity of the scale, Dr. Wollaston has met with 
persons, whose hearing was in other respects per- 
fect, who never heard the chirping of the Grryllus 
campestris, which commonly occurs in hedges during 
a summer's evening, or that of the house-cricket, 
or the squeak of the bat, or the chirping of the 
common house-sparrow. The note of the bat is a 
full octave higher than that of the sparrow ; and 
Dr. Wollaston believes that the note of some ii^ 
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sects tuny reach one octave more, as there are 
sounds decidedly higher than that of a small pipe, 
one-fourth of an inch in length, which be conceives 
cannot be far from six octaves above the middle B 
of the piano-forte. " The suddenness of the transi- 
tion," says Dr. Wollaston, " from perfect hearing to 
total want of perception, occasions a degree of sur- 
prise, which renders an experiment on this subject 
with a series of small pipes among several persons 
rather amusing. It is curious to observe the change 
of feeling manifested by various individuals of the 
party, in succession, as the sounds approach and 
pass the limits of their hearing. Those who enjo^ 
a temporary triumph are often compelled in then: 
turn to acknowledge to how short a distance their 
little superiority extei^.'' In concluding his in- 
teresting paper on this subject. Dr. Wollaston con- 
jectures that animals like the grylli (whose powers 
of hearing appecor to commence nearly where ours 
terminate) may have the power of hearing still 
sharper sounds which at present we do not know 
to exist, and that there may be other insects hav- 
ing nothing in common with us, but who are en- 
dowed with a power of exciting, and a sense of 
perceiving vibrations which makes no impression 
upmi our organs, while their organs are equally 
insensible to the slower vibrations to which we are 
accustomed. 

With the view of studying the class of sounds 
inaudible to certain ears, we would recommend it 
to the young naturalist to examine the sounds 
emitted oy the insect tribe, both in relation to their 
effect upon the human ear, and to the mechanism by 
which they are produced. The Cicadse or locusts 
in North America appear, from the observations of 
Dr. Hildreth,* to be furnished with a bagpipe on 
which they play a variety of notes. " Wnen any 
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one passes," says he, " they make a great noise' and 
screaming with their air-bladder or bagpipes. These 
bags are placed mider, and rather behind, the wings 
in the abulia, something in the manner of using the 
bagpipes with the bags under the arms, — ^I could 
compare them to nothing else ; and, indeed, I sus- 
pect the first inventor of the instrument borrowed 
his ideas from some insect of this kind. They play 
ft variety of notes and sounds, one of which nearly 
imitates the scream of the tree-toad." 

Among the acoustic wonders of the natural world 
may be ranked the vocal powers of the statue of 
Memnon, the son of Aurora, which modem dis- 
coveries have withdrawn from among the fables of 
ancient Egypt. The history of tMs remarkable 
statue is involved in much obscurity. Although 
Strabo affirms that it was overturned by an earm- 
quake, yet as Egypt exhibits no traces of such a 
convulsion, it has been generally believed that 
the statue was mutilated by Cambyses. Ph. Casse- 
lius, in his dissertation on vocal or speaking stones, 
quotes the remark of the scholiast in Juvenal, " that 
when mutilated by Cambyses, the statue which sa- 
luted both the sun and the king afterward saluted 
only the sun." Philostratus, in his Life of Apollo, 
informs us that the statue looked to the east, and 
that it spoke as soon as the rays of the rising sun 
fell upon its mouth. Pausanias, who saw the 
statue in its dismantled state, says that it is a statue 
of the sun, that the Egyptians call it Phamenophis, 
and not Memnon, and that it emits sounds every 
tnominff at sunrise, which can be compared only to 
that of the breaking of the string of a lyre, Strabo 
speaks only of a smgle sound which he heard ; but 
Juvenal, who had probably heard it often during 
his stay in Egypt, describes it as if it emitted sev- 
eral sounds. 

Dimidio magics reaonant vbi Memnone ehard». 
Wbera Ivroken MaomoD aoanda bia masie aliii^. 
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The simple sounds which issued from the statue 
were in the progress of time magnified into intelli- 
gible words, and even into an oracle of seven verses, 
and this prodigy haa been recorded in a Greek in- 
scription on the left leg of the statue. But though 
this new faculty of the colossus was evidently the 
contrivance of the Egyptian priests, yet we are not 
entitled from this to call in question the simple and 
perfectly credible fact that it emitted sounds. This 
property, indeed, it seems to possess at the present 
day ; for we learn* that an English traveller, Sir 
A. Smith, accompanied with a numerous escort, 
examined the statue, and at six o'clock in the morn- 
ing he heard very distinctly the sounds which had 
been so celebrated in antiquity. He asserts that 
this sound does not proceed from the statue, but 
from the pedestal ; and he expresses his belief that 
it arises from the impulse of the air upon the stones 
of the pedestal, which are arranged so as to produce 
this surprising effect. This singular description is 
to a certain extent confirmed by the description of 
Strabo, who says that he was quite certain that he 
heard a sound which proceeded either from the hascy 
or from the colossus, or from some one of the as- 
sistants. As there were no Egyptian priests in the 
escort of Sir A. Smith, we may now safely reject 
this last, and, for many centuries, the most probable 
hypothesis. 

The explanation suggested by Sir A. Smith had 
been previously given in a more specific form by M. 
DussauLx, the translator of Juvenal. " The statue," 
says he, ^^ being hollow, the heat of the sun heated 
the air which it contained, and this air, issuing at 
some crevice, produced the sounds of which the 
priests gave their own interpretation." 

Rejecting this explanation, M. Langles, in his dis- 
sertation on the vocal statue of Memnon, and M* 
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Salverte, in his woric on the occult sciences, hare 
ascribed the sounds entirely to Egyptian priestcraft, 
and have even gone so far as to describe the me* 
chanism by wUch the statue not only emitted 
sounds, but articulated distinctly the intonations 
appropriate to the seven Egyptian vowels, and coor 
secrated to the seven planets. M. Langles con- 
ceives that the sounds may be produced b^ a series of 
lumimers, which strike either the gramte itself, or 
sonorous stones like those th|it have long been ttsed 
in China for musical instnaiients. M. Salverte im- 
proves this imperfect appaaratus, by supposing that 
there might be adapted to thjese hammers a clepsy- 
dra or w&er-clock, or any other instrument fitted to 
measure time, and so constructed as to put the 
hammers in motion at Bonrise. Not satisj&ed with 
this supposition, he c<»ijeetures that the spring of all 
this mechanism was to be found in the art of con- 
centrating the rays of the sun, which was weU known 
to the ancients. Between the lips of the statue, or 
in some less remarkable part of it, concealed from 
view by its height, he conceives an aperture to be 
perforated, confining a lens or a mirror capable of 
condensing the rays of the rising sun upon one or 
more metfilic levers, which by their expansion put 
in motion the seven hammers in succession. Hence 
he explains why the sounds were emitted only at 
sunrise, and when the solar rays fell upon the mouth 
of the statue, and why they were never again heard 
tin the sun returned to the eastern horizon. As a 
piece of mechanism, this contrivance is defective 
ni not providing for the cliange in the sun's ampli- 
tude, which is very considerable even in Egypt ; for 
as the statue and the lens are both fixed, and as the 
sounds were heard at all seasons of the year, the 
same lens which threw the midsummer rays of the 
mm upon the hammers could not possibly throw 
iroon them his rays in winter. But even if the ma- 
cnineiy w«re perfect^ it is obvums that it could not 



SaUNDS IN ORANITE ROCK«^ 217 

hate snrvhred the mutilation of the statne, and conld 
not, short of a miracle, have performed its part in 
the time of Sir A. Smith. 

If we abandon the idea of the whole being a trick 
of the priesthood, which has been generaUy done, 
and which the recent obserrations of Sir A. Smith 
authorize ns to do, we must seek some natural cause 
for the phenomena similar to that suggested by Dus- 
saulx. It is curious to obserre how the study of 
nature gsadiially dispels tiM consecrated delusions 
of ages, and reduces to the lerel of ordinary facts 
what time had inveetei witii all the characters of 
the supernatural : and in the present case it is no 
less remarkable that the jnrouem of the statue of 
Memnon should have been first solved br Hieans of 
an observation made by a soGtary traveltor wander- 
ing on the banks of the Orinoco. ^The granitic 
rock," says Baron Humboldt, " on which we lay, is 
one of those where travellers on the Orinoco have 
heard from time to time, towards sunrise, subter- 
raneous sounds resembling those of the organ. The 
missionaries call these stones loxas de mtisica, ' It 
is witchcraft,* said our jroung Indian pilot. We 
never ourselves heard these m3rsterious sounds either 
at Carichana Vieja or in the upper Orinoco; but 
from information given us by witnesses worthy of 
belief, the existence of a phenomenon that seems 
to depend on a certain state of the atmosphere can- 
not be denied. The shelves of rock arc rail of very 
narrdwland deep crevices. They are heated during 
the^tiiy,^ about 50^. I often found their tempera- 
ture at the surface during the night at 39**, the smw 
roimding atmosphere 6eing at 98^. It may easily be 
conceived that the difference of temperature betweea 
the subterraneous and the external air attains its 
maximum about sunrise, or at that moment which 
is at the same time farther from the period of the 
maximum of the heat of the preceding day. May 
not these sonnds of an organ, then, which are heaia 

T. 
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when a person dleeps upon the rock, his are in con* 
tact witn the stone, be the effect of a current Of air 
that issues out through the crevices? Does not the 
impulse of the air against the elastic spangles of 
mica that mtercept the crevices contribute to modify 
the sounds? May we not admit that the ancient in- 
habitants of Egypt, in passing incessantly up and 
down the Nile, had made the same observation on 
some rock of the Thebaid, and that the music of 
the rocks there led to the jugglery of the priests in 
the statue of Menmon!" 

This curious case of the production of sounds in 
granite rocks at sunrise might have been re^unled 
as a transatlantic wonder -mdch was not apphcable 
to Egypt ; but by a singiilar coincidence of observa- 
tion, MM. Jomard, JoUois, and Devilliers, who were 
travelling in Eg3rpt nearly about the same time that 
M. Humboldt was traversing the wilds of South 
America, heard at sunrise^ in a monument of ^anitcy 
situated near the centre of the spot on which the 
palace of Camac stands, a noise resembling^ that of a 
breaking string, the very expression by which Pau- 
sanias characterizes the sound in the Memnonian 
granite. The travellers regarded these sounds as 
arising from the transmission of rarefied air tlurough 
the crevices of a sonorous stone, and they were of 
the same opinion with Humboldt, that these sounds 
might have suggested to the Egyptian priests the jug" 
^&ries of the Memnoniym. Is it not strange that the 
Prussian and the French travellers should not have 
gone a step farther, and solved the problem of two 
thousand years, by maintaining that the sound of 
the statue of Memnon was itseu a natural phenom- 
enon, or a granite sound elicited at sunrise by the 
very same causes which operated on the Orinoco 
and in the Temple of Carhac, in place of regarding 
it as a trick in imitation of natural sounds \ If, as 
Humboldt supposes, the ancient inhabitants of E^rpt 
had, in passing incessantly up and down tlM Nile» 
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become familiar with the music of the granite rocks 
of the Thebaid, how coiild the imitation of such 
natural and familiar sounds be regarded by the priests 
as a means of deceiving the people ? There coul j 
be nothing marvellous in a colossal statue of granite 
giving out the very same sounds that were given 
out at the same time of the day by a granite rock ; 
and in place of reckoning it a supernatural fact, thejr 
could regard it in no other light than as the duph- 
cate of a well-known natural phenomenon. It is a 
mere conjecture, however, that such soonds were 
common in the Thebaid, and it is therefore probable 
that a granite rock, possessing th6 property of emit- 
ting sounds at sunrise, had been discovered by the 
priests, who were at the same time the philosophers 
of Egypt, and that the block had been employed in 
the formation of the Memnonian statue for the pur- 
pose of impressing upon it a supernatural character, 
and enabhng them to maintain their influence over a 
credulous people. 

The inquiries of recent travellers have enabled us 
to corroborate these views, and to add another re- 
markable example of the influence of subterraneous 
sounds over superstitious minds. About three 
leagues to the north of Tor, in Arabia Petraea, is a 
mountain, within the bosom of which the most sin- 
gular sounds have been heard. The Arabs of the 
desert ascribe these sounds to a convent of mo^s 
preserved miraculously under ground, and the sound 
IS supposed to be that of the Nakous^ a lonf narrow 
metamc ruler suspended horizontally, which the 
priest strikes with a hammer for the purpose of as- 
sembling the monks to prayer. A Greek was said 
to have seen the mountain open, and to have de- 
scended into the subterranean convent, where he 
found fine gardens and delicious water ; and, in order 
to give proof of his descent, he produced some frag- 
ments of consecrated bread, which he pretended \q 
have brought from the subterranean convent. The 
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inhabitants of Tor likewise declare that the camels 
are not only frightened, but rendered furious, when 
they hear these subterraneous sounds. 

M. Seetzen, the first European traveller who vis- 
ited this extraordinary mountain, set out from 
Wodyel Nackel on the 17th of June at 5 o'clock in 
the morning. He was accompanied by a Greek 
Christian suod some Bedouin Arabs; and after a 
quarter of an hour's walk, they reached the foot of 
a majestic rock of hard sandstone. The mountain 
itself was quite bare, and entirely composed of it. 
He found inscribed upon the rock seversd Greek and 
Arab names, and also some Koptic characters, which 
proved that it had been resorted to for centuries. 
Ab6ut noon the party reached the foot of the moun- 
tains caUed Nakaus^ where at the foot of a ridge they 
beheld an insulated peaked rock. This mountain 
presented upon two of its sides two sandy declivities 
s^ut 150. feet high, and so inclined that the white 
and slightly adhering sand which rests upon its sur- 
face is scarcely able to support itself; and when the 
scorchii^ heat of the sun destroys its feeble cohe- 
sion, or when it is agitated by the smallest motions, 
it slides down the two accliviti^. These declivities 
unite behind the insulated rock, forming an acute 
angle, and, like the adjacent surfaces, they are cov- 
ered with steep rocks which consist chiefly of a 
white and friable freestone. 

The first sound which greeted the ears of the 
travellers took place at an hour and a quarter after 
noon. They had climbed with great difficulty as 
far as the sandy decUvity, a height of seventy or 
eighty feet, and had rested beneath the rocks where 
the pilgrims are accustomed to hsten to the sounds. 

Whue in the act of climbing,* M. Seetzen heard 
the sound from beneath his knees, and hence he was 
led to think that the sliding of the sand was the 
cause of the sound, and not the effect of the vibrar 
tion which it occasioned. At three o'clock Uie 
sound became louder, and continued six minutes. 
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and after having ceased for ten minutes, it was 
Again heard. The sound appeared to have the 
greatest resemblance to that of the humming-top, 
rising and falling like that of an Eolian harp. Be- 
lieving that he had discovered the true origin of the 
sound, M. Seetzen was anxious to repeat the experi- 
ment, and with this view he climbed with the utmost 
difficulty to the highest rocks, and, sliding down as 
fast as he could, he endeavoured, with the helpof 
his hands and feet, to set the sand in motion. The 
effect thus produced far exceeded his expectations, 
and the sand in rolling beneath him made so loud a 
noise that the earth seemed to tremble to such a 
degree that he states he should certainly have been 
afraid if he had been ignorant of the cause. 

M. Seetzen throws out some conjectures respect- 
ing the cause of these sounds. Does the rolling 
layer of sand, says he, act like the fiddle-bow, which 
on being rubbed upon a plate of glass raises and 
distributes into regular figures the sand with which- 
the plate is covered ? Does the adherent and fixed 
layer of sand perform here the part of the plate of 
glass, and the neighbouring rocks that of the sound- 
ing body? We cannot pretend to answer these 
questions, but we trust that some philosopher com- 
petent to the task will have an opportunity of ex- 
amining these interesting pheno^iena with more at- 
tention, and describing them with greater accuracy. 

The only person, so far as I can learn, who has vis- 
ited El-Nakous since the time of Seetzen, is Mr. Gray 
of University College, Oxford ; but he has not addea 
much to the information acquired by his predecessor. 
During the first visit which he made to the place, 
he heard, at the end of a quarter of an hour, a low 
continuous murmuring sound beneath his feet, which 
gradually changed into pulsations as it became louder, 
so as to resemble the striking of a clock, and at the 
end of five minutes it became so strong as to detach 
the sand. Returning to the spot next day, be hear4 
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the sound BtiU louder than before. He could not 
observe any crevices by which the external air could 
penetrate, and as the sky was serene and the air 
calm, he was satisfied that the sounds could not 
arise fhmi this cause.* 
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Mechanical Inventioiis of the Aneiente few in Nuniber— Ancient and 
modern Feats of Strength— Feats of Eckeberg particularly described- 
General Explanation of them— Real Feats of Strength perfohned by 
Thomas Topham— Remarkable Power of lifting heavy Persons when 
the Lnngs are inflated— B^zoni'S Feat of sustaining Pyramids of Blen— 
DeoeptiMi of walking along the Ceiling in an inverted Position — Pneu- 
matic Apparatus in the Foot of the House-fly for enabling it to walk in 
Opposition to Gravity — ^Description of the analogous Apparatus em- 
^oyed by the Gecko Lizard fiv the same Purpose— Apparatus us^ by 
the Echineis Remora or Bucking-fish. 

The mechanical knowledge of the ancients was 
principally theoretical, and though they s6em to have 
executed some minor pieces of mechanism which 
were sufficient to delude the ignorant, yet there is 
no reason for beheving that they have executed any 
machinery that was capable of exciting much sur- 
prise, either by its ingenuity or its magnitude. The 
properties of the mechanical powers, however, seem 
to nave been successfully employed in performing 
feats of strength which were beyond the reach even 
of strong men, and which could not fail to excite 
the greatest wonder when exhibited by persons of 
ordinary size. 

Firmus, a native of Seleucia, who was executed 
by the Emperor Aurehan for espousing the cause 
of Zenobia, was celebrated for his feats of strength. 
f n his account of the life of Firmus, who lived in 

* Seo. Minburgh Jcwmal of Sctenee, No. xi. p. 1Q3. and No. zQI. 
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the third century, Vopiscns informs us that he could 
suffer iron to be forged upon an anvil placed upon 
his breast. In doing this he lay upon his back, and 
resting his feet and shoulders against^ome support, 
his whole body formed an arch, as we shall after- 
ward more particularly explain. Until the end of 
the sixteenth century the exhibition of such feats 
does not seem to have been common. About the 
year 1703, a native of Kent of the name of Joyce 
exhibited such feats of strength in London and other 
parts of England that he received the name of the 
second Samson. His own personal strength was 
very great ; but he had also discovered, without the 
aid or theory, various positions of his body in which 
men even of common strength could perform very 
surprising feats. He drew against horses^ and raised 
enormous weights ; but as he actually exhibited his 
power in ways which evinced the enormous strength 
of his own muscles, all his feats were ascribed to 
the same cause. In the course of eight or ten years, 
however, his methods were discovered, and many 
individuals of ordinary strength exhibited a number 
of his principal performances, though in a manner 
greatly inferior to Joyce. 

Some time afterward, John Charles Van Eckeberg, 
a native of Harzgerode in Anhalt, travelled through 
Europe under the appellation of Samson, exhibiting 
very remarkable examples of his strength. This 
we believe is the same person whose feats are par- 
ticularly described by Dr. Desaguliers. He was a 
man of the middle size, and of ordinary strength ; 
and as Dr. Desaguliers was convinced that his feats 
were exhibitions of skill and not of strength, he 
was desirous of discovering his methods, and with 
this view he went to see him, accompanied with the 
Marquis of Tullibardine, Dr. Alexander Stuart, and 
Dr. Pringie, and his own mechanical operator. They 
placed themselves round the German so as to be able 
to observe accurately all that ho did, and their sue- 
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ceBS was BO great, that they were able to perform 
most of the leats the same evemnir by themselvea, 
and Blmost all die rest when they had provided the 
proper appai^tns. Dr. Desaguliers exhibited some 
of the ejperimenta before the Royal Society, and 
lus given such a. distinct explanation of the princi- 
pleB on which they depend, that we shall endeavour 
to give a popular account of them. 

I. The performer sat upon an inclined board AB, 
placed upon a frame CD£, with his feet ahutting 



Fig. 51. 




against the upright board C, Round his loins was 
[daced a strong girdle FG, to the iron ring of which 
at G was fastened a rope by means of shook. The 
rope passed between hia lega through a hole in the 
hoard C, and several men, or two horses, pulling at 
the other end of the lope, were unable to draw the 
performer out of his place. His hands at G seemed 
to pull against the men, but they were of no advan- 
tage to him whatever. 

3. Another of the German's feats is shown in 
Fig. 52. Having fixed the rope above mentioned 
to a strong post at A, and made it pass through a 
fixed iron eye at B, to the ring in his girdle, he 

Slanted his feet against the post at B, and raised 
imself from the ground by toe lope, as shown in 
the figure. He then suddenly stretched out his legs 
and broke tlie rope, falling back on a feather bed at 
C spread out to receive him. 
3. In iaitalion of Firmus, he laid himself dtnrn 
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on the ground, as shown in Fig. 58, and when an 
anvil A was placed upon his breast, a man hammered 

Fig. 53. 




with aH his force the piece of iron B, with a sledge 
hammer, and sometimes two smiths cut in two with 
chisels a great cold bar of iron laid upon the anvil. 
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At other times a stone of hu^ dimensions, half of 
which is shown at C, was laid upon his belly, and 
broken with a blow of the great hammer. 

4. The performer then {daced his shoulders upon 
one chair, and his heels upon another, as in Fig. 54, 
forming with his back-bone, thighs, and legs an arch 
springing from its abutments at A and B. One or 
two men then stood upon his belly, rising up and down 
while the performer breathed. A stone one and a 
half feet long, one foot broad, and half a foot thick 
was then laid upon his belly and broken by a sledge 
hammer, an operation which may be performed with 



Fig, 54. 




much less danger than when his back touched the 
ground, as in Fijp^. 53. 

5. His next teat was to lie down on the grpund, 
as in Fig. 55. A man being then placed on his 
knees, he draws his heels towards his body, and 
raising his knees he lifts up the man gradual^, tiU 



having brought hia knees perpendicokilr \m^ 
him, as in Fig. 66, he taiaes his own body np, and 
placing his arms around the man's lega, he rises 
with him, and sets him down on some low table or 
eminence of the same height as his kneea. This 
feat he sometimes perfoimMl witb two men in [dace 
of one. 

6. The last, and apj 
perfonuance of the *" 




where he ajnMian to raise a cannon A, placed upon 
a scale, the four ropes of the scale beuur fixed to a 
lope or chain attacked to his girdle iaaw miDnv 
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already described. Previous to the fudng of the 
ropes the cannon and scale rest upon two roUers B, 
C, but when all is ready, the two rollers are knocked 
from beneath the scale, and the cannon is sustained 
by the strength of his loins. 

The German also exhibited his strength in twist- 
ing into a screw a flat piece of iron like A, Fig. 
58. He first bent the iron into a right angle, as at 

Fig, 58. 





B, and then wrapping his handkerchief about its 
broad upper end, he held that end in his left hand, 
and with his right applied to the other end, twisted 
about the angular point, as shown at C. Lord Tulli- 
bardine succeeded in doing the same thing, and even 
untwisted one of the irons which the German had 
twisted. 

It would lead into details by no means popular 
were I to give a minute explanation of the mechan- 
ical principles upon which these feats depend. A 
few general observations will perhaps be sufficient 
for ordinary readers. The feats No. 1, 3, and 6, 

U 
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depend entirely on the natural strength of the honem 
of the pelvis, which form a double arch, which it 
would require an immense force to break, by any 
external pressure directed to the centre of the arch; 
and as the legs and thighs are capable of sustaining 
four or five thousand pounds when they stand quite 
upright, the performer has no difficulty in resisting 
the force of two horses, or of sustaining the weight 
of a cannon weighing two or three thousand pounds. 

The feat of the anvil is certainly a very surpris- 
ing one. The difficulty, however, really consists 
in sustaining the anvil ; for when this is done the 
effect of the hammering is nothing. If the anvil 
were a thin piece of iron, or even two or three 
times heavier than the hammer, the performer 
would be killed by a few blows ; but the olows are 
scarcely felt when the anvil is very heavy, for the 
more matter the anvil has, the greater is its inertia, 
and it is the less liable to be strubk out of its place ; 
for when it has received by the blow the whole mo- 
mentum of the hammer, its velocity will be so much 
less than that of the hammer, as its quantity of 
matter is greater. When the blow, indeed, is struck 
the man feels less of the weight of the anvil than 
he did before, because in the reaction of the stone 
all the parts of it round about the hammer rise 
towards the blow. This property is illustrated by 
the well-known experiment of lajdng a stick with 
its ends upon two drinking glasses full of water, 
and striking the stick downwards in the middle 
with an iron bar. The stick will in this case be 
broken without breaking the glasses, or spilling 
the water. But if the stick is struck upwards, as u 
to throw it up in the air, the glasses will break if 
the blow be strong, and if the blow is not very 
quick, the water will be spilt inKthout breaking the 
glasses. 

When the performer supports a man upon his 
belly, as in Fig. 45, he does it by means qf the strong 
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arch formed by his backbone, and the bones of his 
legs and thighs. If there were room for them, he 
could bear three or four, or, in their stead, a great 
stone to be broken with one blow. 

A number of feats of real and extraordinary 
strength were exhibited about a century ago, in 
London, by Thomas Topham, who was five feet ten 
inches high, and about 31 years of age. He was 
entirely ignorant of any of the methods for making 
his strength appear more surprising, and he often 
performed by his own natural powers what ho 
learned had been done by others by artificial means. 
A distressing example of this occurred in his at- 
tempt to imitate the feat of the German Samson 
by pulling against horses. Ignorant of the method 
which we have already described, he seated himself 
on the ground with his feet against two stirrups, 
and by the weight of his body he succeeded in pull- 
ing against a sin&^le horse ; but in attempting to 
prQl against two horses, he was lifted out of his 
place and one of his knees was shattered against 
the stirrups, so as to deprive him of most of the 
strength of one of his legs. The following are the 
feats of real strength which Dr.. Desaguliers saw 
1dm perform. 

1. Having rubbed his fingers with coal-ashes to 
keep them from slipping, he rolled up a very strong 
and large pewter plate. 

2. Having laid seven or eight short and strong 

Sieces of tobacco-pipe on the first and third fingers, 
e broke them by the force of his middle finger. 

5. He broke the bowl of a strong tobacco-pipe 
placed between his first and third fingers, by pressing 
his finders together sideways. 

4. Having thrust such another bowl under his 
garter, his legs being bent, he broke it to pieces by 
the tendons of his hams, without altering the bend- 
ing of his leg. ' 

6. He lifted with his teeth, and held in a hori- 
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zontal position for a considerable time, a taUe six 
feet long, with half a hundred weight hanging at 
the end of it. The feet of the table rested against 
his knees. 

6. Holding in his right hand an iron kitchen 
poker three feet long and three inches round, he 
struck upon his bare left arm, between the elbow 
and the wrist till he bent the poker nearly to a right 
angle. 

7. Taking a similar poker, and. holding the ends 
of it in his hands, and the middle against the back 
of his neck, he brought both ends of it together be- 
fore him, and he then pulled it almost straight again. 
This last feat was the most difficult, because tlie 
muscles which separate the arms horizontally frokn 
each other are not so strong as those which bring 
them together. 

8. He broke a rope about two inches in circum- 
ference, which was partly wound about a cylinder 
four inches in diameter, having fastened the other 
end of it to straps that went over his shoulder. 

9. Dr. DesaguLiers saw him lift a roUing stone of 
about 800 pounds' weight with his hands only, stand- 
ing in a frame above it, and taking hold of a frame 
fastened to it. Hence Dr. Desaguliers gives the 
following relative view of the strengths of indi- 
viduals. 

Strength of the weakest men - 125 pounds 
Strength of very strong men - 400 
Strength of Topham - - - 800 
The weight of Topham was about 300. 

One of the most remarkable and inexplicable ex- 
periments relative to the strength of the human 
frame which you have yourself seen and admired, 
is that in which a heavy man is raised with the 
greatest facUity, when he is lifted up the instant 
tiiat his own lungs and those of the persons who 
raise him are inflated with air. This experiment 
was, I believe, first shown in Ekigland a few yei^ 
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igo by Majoir H., who saw it performed in a Targe 
party at Venice under the direction of an oflScer of 
the American navy. As Major H. performed it 
more than once in my presence, I shall describe as 
nearly as possible the method which he prescribed. 
The heaviest person in the party Ues down upon 
two chairs, his legs being supported by the one 
and his back by the other. Four persons, one at 
each leg, and one at each shoulder, then try to raise 
|iim, and they find his dead weight to be very great, 
from the diflficulty they experience in supporting 
him. When he is replaced in the chair, each of the 
four persons takes hold of the body as before, and 
the person to be lifted gives two signals by clapping 
his hands. At the first signal he himself and the 
four lifters begin to draw a long and full breath, 
and when the inhalation is completed, or the lungs 
filled, the second signal is given, for raising the 
person from the chair. To his own surprise and 
that of his bearers, he rises with the greatest facil- 
ity, as if he were no heavier than a feather. On 
several occasions I have observed that when one 
of the bearers performs his part ill, by making the 
inhalation out of time, the part of the body which 
he tries to raise is left, as it were, behind. As you 
have repeatedly seen this experiment, and have 
performed the part both of the load and of the 
bearer, you can testify how remarkable the effects 
appear to all parties, and how complete is the con- 
viction,*either that the load has been lightened, or 
the bearer strengthened by the prescribed process. 
At Venice the experiment was performed in a much 
more imposing manner. The heaviest man in the 
party was raised and sustained upon the points of 
the forefingers of six persons. Major H. declared 
that the experiment would not succeed if the person 
lifted were placed upon a board, and the strength of 
ihe individuals appUed to the board. He conceived 
it necessary that the bearera should communicate 
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directly with the body to be raised. I have not had 
an opportunity of maiking any experiments relative 
to these curious facts; but whether the geperal 
effect is an illusion, or the result of known or of new 
principles, the subject merits a careM investigation. 

Among the remarkable exhibitions of mechani<»] 
strength and dexterity, we may enumerate that of 
supporting pyramids of men! This exhibition is a 
very ancient one. It is described, though not very 
clearly, by the Roman poet Claudian, and it has de* 
rived some importance in modem times, in conse* 
quence of its having been performed in various parts 
of Great Britain by the celebrated traveller Belzoni, 
before he entered upon the more estimable career 
of an explorer of Egjrptian antiquities. The sim- 
plest form of this feat consists in placing a number 
of men upon each other's shoulders, so that each 
row consists of a man fewer till they form a pyra- 
mid terminating in a single person, upon whose head 
a boy is sometimes placed with his feet upwards. 

Among the displays of mechanical dexterity, 
though not grounded on any scientific principle, may 
be mentioned the art of walking along the ceiling 
of an apartment with the head downwards. This 
exhibition, which we have witnessed in one of the 
London theatres, never failed to excite the wonder 
of the audience, although the movements of the in- 
verted performer were not such as to inspire us with 
any high ideas of the mechanism by which they 
were effected. The following was probably the 
method by which the performer was carried along 
the ceilinff. Two pariadlel grooves or openings were 
made in the ceiUng at the same distance as the foot- 
tracks of a person walking on sand. These grooves 
were narrower than the human foot, so as to permit 
a rope or chain or strong wire, attached to the feet 
of the performer, to pass through the ceiling, where 
they were held by two or more persons above it 
In tills way the inverted performer n^ght be carried' 



WALEnrO ALONG TH£ CBILINO. 285 

along by a sliding or shufSing motion, similar to that 
which is adopted i^ walking in the dark, and in which 
the feet are not lifted from the ground. A more 
regular motion, however, might be produced by a 
contrivance for attaching the rope or chain to the 
sole of the foot, at each step, and subsequently de- 
taching it. In this way, when the performer is pulled 
against the ceiling by lus left foot, he would lift his 
right foot, and Ivaving made a step with it, and planted 
it against the grooves, the rope would be attached 
to it, and when the rope was detached from the left 
foot, it would make a similar step, while the right 
foot was pulled against the ceiling. These effects 
might be facOitat^ and rendered more natural by 
attaching to the body or to the feet of the performer 
strong wires invisible to the audience, and by using 
friction wheels, if a sliding motion only is required, 
A more scientific method of walking upon the 
ceiling is suggested by those beautiful pneumatic 
contrivances by which insects, fishes, and even some 
bzards are enabled to support the weight of their 
bodies against the force of gravity. The house-fly 
is well Imovni to have the pjower of walking in an 
inverted position upon the ceilings of rooms, as well 
as upon the smoothest surfaces. In this case the 
fiy does not rest upon its legs, and must therefore 
adhere to the ceiling either by some glutinous 
matter upon its feet, or by the aid of some apparatus 
given it for that purpose. In examining trie foot 
of the fly with a powerful microscope, it is found to 
consist of two concavities,, as shown in Fig. 59 and 
60, the first of which is copied from a drawing by 
G. Adams, published in 1746, and the second by J. 
C. KeUer, a painter at Nuremberg, who drew it for a 
work ({ublished in 1766. The author of this work 
maintains that these concavities are only used when 
the fly moves horizontally, and that, when it moves 
perpendicularly or on the ceiling, they are turned up 
oitl.oC tfae. way» and ^e progressive motion is effected 
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by fixing the claws shown In the figure Into tlw 
iiregnlarities of the surface upon which the tf 
moves, whether it is glass, porcelain, or any oOwr 




substance. Sir Gverard Home, bowerer, snppMaa, 
with great reason, that these coocave surfaces are 
(like the leathern suckers used by children for lifting 
stones) employed to form a racuum, so that the foot 
adheres, as it were, by suction to the ceiling, and 
enables the insect to support itself in an inverted 
position. 

This conclusion Sir Everaid has been led to draw 
from an . elimination of the foot of the Lacerta 
Gecko. Sir Joseph Banks had mentioned to him in 
the year ISIG, that this hzard, which is a native of 
the island of Java, comes out in the evening from 
the roofs of the houses, and walks down the smooth 
hard poUshed chunam walls in voaicll of Ih* fltw 
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which settle upon them, and which are its natural 
food. When Sir Joseph was at Batavia, he amused 
himself in catchin? this lizard. He stood close to 
the wall at some distance from the animal, and, by 




suddenly Bcrapln? the wall with a long flattened 
pole, he was able to bring the animal to the ground. 

Having procured from Sir Joseph a very large 
specimen of the Gecko, which weighed 6} oimcea 
avoirdupois. Sir Everwd Home was enabled to as- 
certain the peculiar mechanism by which the feet 
of this animal have the power of keeping hold of a 
smooth hard perpendicular wall, and carry up so 
heavy a weight as that of its body, ■ 

The foot' of the Gecko has live toes, and at the 
end of each of them, except the thumb, is a very 
sharp and highly curved claw. On the under surface 
of each toe are sixteen transverse slits, leading to 
as many cavities or pockets, the depth of which is 
nearly equal to the length of the sUt that forma the 
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surface. These cavities all open forwards, and the 
external edge of each opening is serrated like the 
teeth of a small-toothed comb. The cavities are 
lined with a cuticle, which also covers the s eiia f tod 
edges. 

This structure Sir Everard Home found to bear a 
considerable resemblance to that portion of the head 
of the Echineis remora, or suckmg-fish, by which 
it attaches itself to the shark, or the bottoms of 
ships. It is of an oval form, and is surrounded by a 
broad loose moveable edge, capable of applying itself 
closely to the surface on which it is set. It consists 
of two rows of cartilaginous plates, connected by 
one edge to the surface on whjch they are placed, 
the other, or the external edge; being serrated like 
that in the cavities of the feet of the Gecko. The two 
rows are separated by a thin ligamentous partition, 
and the plates being raised or depressed by the vol- 
untary muscles form so many vacua, by means of 
which the adhesioa of the fish is effected. 

These beautiful contrivances of Divine Wisdom 
cannot fail to arrest the attention and excite the ad- 
miration of the reader ; but though there can be 
little doubt that they are pneumatic suckers wrought 
by the voluntary muscles of the animals to which 
they belong, yet we would recommend the further 
examination of them to the attention of those who 
have good microscopes at their command. 



AVTOKATA 07 THB AN0ISMT8. 239 



LETTER XI. 

Mechanical Aatomatft of tbe Ancients— Moving Tripods— -Automata of 
Dndalus— Wooden Pigeon of Archytas— Aatomatic Clock of Charle- 
magne—Automata made by Tunianua for Charles V.— Camua's auto- 

' mane Carriage made for Louis XIV.— Degennes*s mechanical Peacock 
— ^Vaucaiison's Duck, which ate and digested its Food— Du Moulin^ 
Automata- Baron Kempelen's Automaton Chess-player— Drawing and 
Writing Automata— Maillardet's Conjurer— Benefits derived fhnn the 
Passion for Automata— Examples of wonderftil Machinery fbr useAil 
Purposes— Duncan's Tambouring Machinery— Watt's Statue-tuming 
Machinery— Babbage's Calculating Machinery. 

We have already seen that the ancients had at- 
tained some degree of perfection in the construction 
of automata, or pieces of mechanism which imitated 
the movements of man and the lower animals. The 
tripods which Homer* mentions as having been con- 
structed by Vulcan for the banqueting-hall of the 
gods, advanced of their own accord to the table, 
ahd again returned to their place. Self-moving 
tripods are mentioned by Aristotle, and Philostratus 
informs us, in his Life of Apollonius, that this phi- 
losopher saw and admired similar pieces of mecha- 
nism among the sages of India. 

Daedalus enjoys also the reputation of having 
constructed macnines that imitated the motions of 
the human body. Some of his statues are said to 
have moved about spontaneously, and Plato, Aris- 
totle, and others have related that it was necessary 
to tie them, in otder to prevent them from running 
away. Aristotle speaks of a wooden Venus, which 
moved about in consequence of quicksilver being 
poured into its interior ; but Callistratus, the tutor 
of Demosthenes, states, with some probability, that 
the statues of Daedalus received their motion from 

*ilMuI,Ub.xviiL 373-878. 
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the mechanical powers. Beckmann is of opiniom 
that the statues of Dsedilliis differed only from those 
of the early Greeks and Egyptians in having their 
eyes open and their feet and hands free, aud that 
the reclining posture of some, and the attitude of 
others " as if ready to walk," gave rise to the 
exaggeration that they possessed the power of 
locomotion. This opinion, however, cannot be 
maintained with any show of reason ; for if we ap- 
ply such a principle in one case, we must apply it 
in all, and the mind would be left in a state of utter 
skepticism respecting the inventions of ancient 
times. 

We are informed by Auhis Oellius, on the author* 
ity of Favorinus, that Archytas of Tarentum, who 
flourished about 400 years before Christ, constructed 
a wooden pigeon which was capable of flyinjr. 
Favorinus relates, that when it had once alighted, 
it could not again resume its flight ; and Aulus Gel- 
lius adds, that it was suspended hy balancing, and 
animated by a concealed aura or spirit. 

Among the earhest pieces of modem mechanism 
was the curious water-clock presented to Charle- 
magne by the Kaliph Harun al Raschid. In the 
dial-plate there were twelve small windows, corres- 
ponding with the divisions of the hours. The hours 
were indicated by the opening of the windows, 
which let out little metallic balls, which struck the 
hour by faUin^ upon St brazen beU. The doors coih 
tinued open till twelve o'clock, when twelve little 
knights, mounted on horseback, came out at the 
same instant, and after parading around the dial, shut 
all the windows, and returned to their j^partments.* 

The next automata of which any distinct account 
has been preserved are those of the celebrated John 
Muller, or Regiomontanus, which have been men- 
tioned by Kircher, Baptista Porta, Gassendi, Lana, 

* Annalcs Loiailiani. Anno 807. 
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and Bishop WOkim. IMb philosopher is said to 
have constructed an artUMial eagle, which flew to 
meet the Emperor Maximilian when he arrived at 
Nuremberg on the 7th June, 1470. After soaring 
aloft in the air, the eagle is stated to have met the 
emperor at some distance from the city, and to have 
returned and perched upon the town gate, where it 
waited his approach. When the emperor reached 
the gate, the eagle stretched out its wings, and 
saluted him by an inclination of its body. Muller is 
likewise reported to have constructed an iron fly, 
which was put in motion by wheel-work, and which 
flew about and leaped upon the table. At an enter- 
tainment {[iven by this philosopher to some of his 
familiar fnends, the fly flew from his hand, and after 
performing a considerable round, it returned again 
to the hand of its master. 

The Emperor Charles V., after his abdication of 
the throne, amused himself in his later years with 
automata of various kinds. The artist whom he 
employed was Janellus Turrianus of Cremona. It 
was his custom after dinner to introduce upon the 
table figures of armed men and horses, i^me of 
these beat drums, others played upon flutes, while a 
third set attacked each other witn spears. Some- 
timei^ he let fly wooden sparrows, which flew back 
again to their nest. He abo exhibited corn-mills so 
extremely small that they could be concealed in a 
glove, yet so powerful that they coidd grind in a day 
as much com as would supply eight men with food 
for a day. 

The next piece of mechanism of sufficient inter- 
est to merit our attention is that which was made 
by M. Camus for the amusement of Louis XIV. 
when a child. It consisted of a small coach, which 
was drawn by two horses, and which contained the 
flgure of a lady within, with a footman and page 
behind. When this machine was placed at the ex- 
tremity of a table of the proper size, the coachman 
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smacked his whip, and fhe horses instantly set ofl^ 
moving their legs in a mitaral manner, and drawing 
the coach after Uiem. When the coach reached the 
opposite edge of the table^ it turned shaiply at a 
right angle, and proceeded along the adjacinit edge. 
As soon as it arrived opposite the place where me 
king sat it stopped ; the page descended and opened 
the coach-door; the lady alighted, and with a 
courtesy presented a petition, which she held in her 
hand, to the king. After waiting some time she 
again courtesied and re-entered the carriage. The 
page closed the door, and having resumed his place 
behind, the coachman whipped his horses and drove 
on] The footman, who had previously alighted, 
ran after the carriage, and jumped upbehmd into his- 
former place. 

Not content with imitating the movements of 
animals, the mechanical genius of the 17th and 18th 
centuries ventured to perform by wheels and pinions 
the functions of vitality. We are informed by M. 
Lobat, that General Degennes, a French officer who 
defended the colony of St. Christopher's against the 
English forces, constructed a peacock wMch could 
WS& about as if alive, pick up grains of com from 
the ground, digest them as if they had been sub- 
mitted to the action of the stomach, and afterward 
discharge them in an altered form. Degennes is 
said to have invented various machines of great use 
in navigation and gunnery, and to have constructed 
clocks without weights or springs. 

The automaton of Degennes probably suggested 
to M . Yaucanson the idea of constructing his cele- 
brated duck, which excited so much interest through- 
out Europe, and which was perhaps the most won- 
derful piece of mechanism that was ever made. 
Vaucanson's duck exactly resembled the living ani- 
mal in size and appearance. It executed accurately 
all its movements and gestures, it ate and drank with 
avidity^ performed all the quick motions of the head 
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tittid throat which are pecaHar to the livmg animal, 

land, like it, it muddled the water which it drank 

* ' vith its bill. It produced also the sound of quack- 

. ing in fbe most natural manner. In the anatomical 

f ^ ■tnwtsre of the duck the artist exhibited the high- 

' mi ikill. Every bone in the real duck had its 

fepresentative in the automaton, and its wings were 

anatomicailly exact. Every cavity, apophysis, and 

curvature was imitated, and each bone executed its 

proper movements. When com was thrown down 

before it, the duck stretched out its neck to pick it 

up, it swallowed it, digested it, and discharged it in 

a digested condition. The process of digestion was 

effected by chymical solution, and not by trituration, 

and the food digested in the stomach was conveyed 

awav by tubes to the place of its discharge. 

Tne automata of Vaucanson were imitated by one 
Du Moulin, a silversmith, who travelled with them 
through Germany in 1752, and who died at Moscow 
in 1765. Beckmann informs us that he saw several 
of them after the machinery had been deranged ; but 
that the artificial duck, which he regarded as the 
most ingenious, was still able to eat, drmk, and move. 
Its ribs, which were made of wire, were covered 
with duck's feathers, and the motion was communi- 
cated through the feet of the duck by means of a 
cylinder and fine chains like that of a watch. 

Ingenious as all these machines are, they sink 
into insignificance when compared with the automa- 
ton chess-player, which for a long time astonished 
and delighted the whole of Europe. In the year 
1769, M. Kempelen, a gentleman of Presburg in 
Hungary, constructed ^ui automaton chess-player, 
the general appearance of which is shown in the an- 
nexed fieures. The chess-player is a figure as large 
as life, clothed in a Turkish dress, sitting behind a 
large square chest or box three feet and a half long, 
two feet deep, and two and a half high. The ma- 
chine runs on casters, and is either seen on the floor 
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when the doors of the apartment are thrown open* 
or is wheeled into the room previous to the com- 
mencement of the eihibition. The Turkish chess- 
player sits on a chair fixed to the square cheet ; his 
right arm rests on the table, and In the left he hold> 



board eighteen inches square, and bearing the usual 
numbet of pieces, is placed before, the figure. The 




exbibiter then announces to the spectators his in- 
tention of showing them the mechanism of the au- 
tomaton. For this purpose he unlocks the door A, 
Fig. 61, and exposes to view a small cupbtHid lined 
with black or dark coloured cloth, and containing 
cylinders, levers, wheels, pinions, and diffeient 
pieces of machinery, which have the appearance of 
occupying the whole space. He next opens the 
door B, Fig. OS, at the back of the same cupboanH 
and holding a lighted candle at the opening, ne still 
further displays the enclosed Aiachinery to the spec- 
tators, placed in front of A, Fig. 61. When the 
candle is withdrawn, the door B is then locked ; and 
the exhibiter proceeds to open the drawer GG, Fig. 
01, in front of the chest. Out of this drawer ha 
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takes a small box of counters, a set of chess-men, 
and a cushion for the support of the automaton's 
arm, as if this was the sole object of the drawer. 
The two front doors C,C, of the large cupboard, Fig. 
•1, are then opened, and at the back-door D of the 
same cupboard, Fig. 62, the exhibiter applies a 
lighted candle, as before, for the purpose of showing 
• its interior, which is lined with dark cloth like the 
other, and contains only a few pieces of machinery. 
The chest is now wheeled round, as in Fig. 62 : the 
garments of the figure are lifted up, and the door E 
fti the trunk, and another door F in the thigh, are 
opened, — ^the doors B and D having been previously 
closed. When this exhibition of the interior of the 
machine is over, the chest is wheeled back into its 
original position on the floor. The doors A,C,C, in 
front, and the drawer GO, are closed and locked, 
and ^he exhibiter, after occupying himself for some 
time at the back of the chest, as if he were adjust- 
ing the mechanism, removes the pipe from the hand 
of the figure, and winds up the machinery. 

The automaton is now ready to play, and when 
an opponent has been found among the company, 
the figure takes the first move. At every move 
made by the automaton, the wheels of the machine 
are heard in action ; the figure moves its head, and 
seems to look over every part of the chess-board. 
When it gives check to its opponent, it shakes its 
head thrice, and only hoice when it checks the queen. 
It likewise shakes its head when a false move is 
made, replaces the adversary's piece on the square 
from which it was taken, and ts^es the next move 
itself. In general, though not always,>the automa- 
ton wins the game. 

During the progress of the game the exhibiter 
often stands near the machine, and winds it up like 
a clock after it has made ten or twelve moves. At 
other times he went to a corner of the room, as if 

X2 
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it were to consult a small square box, wfaich stood 
open for this purpose. 

The chess-playing machine, as thus described, 
was exhibited after its completion in Presburg, 
Vienna, and Pahs, to thousands, and in 1783 «S± 
1784 it was exhibited in London and diiTerent parts 
of England, without the secret of its movements 
having been discovered. Its ingenious inventor', 
who was a gentleman and a man of education, never 
pretended that the automaton itself really i^ayed the 
game. On the contrary, he distinctly stated " that 
the machine was a bagatelle, which was not without 
merit in point of medianism, but that the effects of 
it appeared so marvellous only from the boldness of 
the conception, and the fortunate choice of the 
methods adopted for promoting the illusion." 

Upon considering the operations of this automaton, 
it must have been obvious that the game of chess 
was performed either by a person enclosed in the 
chest or by the exhibiter himself. The first of 
these hypotheses was ingeniously excluded by the 
display of the interior of the machine ; for as every 
part contained more or less machinery, the specta- 
tor invariably concluded that the smallest dwarf 
could not be accommodated within, and this idea 
was strengthened by the circumstance that no per- 
son of this description could be discovered in the 
suite of the exhibiter. Hence the conclusion was 
drawn that the exhibiter actuated the machine either 
by mechanical means conveyed through its feet, or 
by a magnet concealed in the body of the exhibiter. 
That mechanical communication wias not formed 
between the exhibiter and the figure was obvious 
from the fact that no such communication was visi- 
ble, and that it was not necessary to place the ma- 
chine on any particular part of the floor. Hence 
the opinion became very prevalent that the agent 
was a magnet ; but even this supposition was ex- 
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eluded, for the exhibiter allowed a strong and well 
armed loadstone to be placed upon the machine 
during the progress of the game : had the moving 
power been a magnet, the whole action of the m^ 
chine would have been deranged by the approximar 
tion of a loadstone concealed in me pockets of any 
of the spectators. 

As Baron Kempelen himself had admitted thai 
there was an illusion connected with the perform* 
ance of the automaton, various persons resumed the 
original conjecture that it was actuated by a person 
concealed in its interior, who either played the 
game of chess himself, or performed the moves 
which the exhibiter indicated by signals. A Mr. J, 
F. Freyhere of Dresden published a book on tlw 
subject in 1789, in which he endeavoured to explain, 
by coloured plates, how the effect was produced; 
and he concluded " that a well-taught boy, very thin 
and tall of his age (sufficiently so that he coidd be 
concealed in a drawer almost mimediately under the 
chess-board), agitated the whole." 

In another pamphlet, which had been previously 
published at Paris in 1785, the author not only sup- 
posed that the machine was put in motion by a 
dwarf, a famous chess-player, but he goes so far as 
to explain the manner in which he could be accom- 
modated within the machine. The invisibility of 
the dwarf when the doors were opened was ex* 
plained by his legs and thighs being ccmcealed in 
two hollow cylinders, while the rest of his body was 
out of the box, and hid by the petticoats, of the 
automaton. When the doors were shut the clacks 
produced by the swivel of a ratchet-wheel permitted 
the dwarf to change his place and return to the box 
imheard ; and while the machine is wheeled about 
the room, the dwarf had ah opportunity of shutting 
the trap through which he passed into the machine^ 
rnie interior of the figure was next shown, and tli» 
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spectators were satisfied that the box contained no 
bving agent. 

Although these views were very plausible, yet 
they were never generally adopted ; and when the 
automaton was eidiibited in Great Britain in 1819 
and 1630, by M. Maelzel, it excited as intense an in- 
terest as when it was first produced in Germany. 
There can be little doubt, however, that the secret 
has been discovered ; and an anonymous writer has 
shown in a pamphlet entitled '' An Attempt to analyze 
4he Automaton Chess-player of M. Kempelen," that it is 
capable of accommodating an ordinarily sized man ; 
and he has explained in the clearest manner how 
the enclosed player takes all the different positions, 
and performs slQ the motions which are necessary 
to produce the effects actually observed. The fol- 
lowing is the substance of his observations : 

The drawer GG when closed does not extend to 
the back of the chest, but leaves a space behind 
it (see Fig. 69, 70, and 71) fourteen inches broad, 
eight inches high, and three feet eleven inches long. 
This space is never exposed to the view of specta* 
tors. The small cupboard seen at A is divided into 
two parts by a door or screen I, Fig. 68, which is 
moveable upon a hinge, and is so constructed that 
it closes at the same instant that B is closed. The 
whole of the front compartment as far as I is occu- 
pied with the machinery H. The other compart- 
ment behind I is empty, and communicates witii the 
space behind the drawer, the floor of this division 
being removed. The back of the great cupboard C, 
C, is double, and the part PQ, to which the quad- 
rants are attached, moves on a joint Q, at the upper 
part, and forms when raised an opening S, between 
the two cupboards, by carrying with it part of the 
TOTtition R, which consists of cloth tightly stretched. 
The false back is shown closed in Fig. 60, while 
Fig. 70 shows the same back raised, so as to form 
the opening S between the chaipbers. 
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When the spectator is tllowed to look into the 
trunk of the figure hy lifting up the dress, as in 
Fig. 70, it will be observed that a great part of the 
space is occupied by an inner tru& N, Fig. 70, 71, 
which passes off to the back in the form of an arch, 
and conceals from the spectators a portion of the 
interior. This inner trunk N opens and communi- 
cates with the chest by an aperture T, Fig. 72, about 
twelve inches broad and fifteen high. When the 
false back is raised, the two cupboards, the trunk N, 
and the space O behind the drawer are all connected 
together. 

The construction of the interior being thus under- 
stood, the chess-player may be introduced into the 
chest through the ididing panel U, Fig. 69. He will 
then raise the false back of the large cupboard, and 
assume the position represented by the shaded figure 
in Fig. 63 and 64. Things being in this state, the 
exhibiter is ready to begin his process of deception. 
He first opens the door A of the small cupooard. 



Fig. 63. 



Fig. 64. 




and from the crowded and very ingenious disposi- 
tion of the machinery within it, the eye is uni^l^ 
to penetrate far beyond the opening, and the spec- 
tator concludes without any hesitation that tiui 
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whole of the cupboard is filled, as it appears to be, 
with similar machinery. This false conclusion is 
greatly corroborated by observing the glimmering 
hght which plays among the wheel- work when th 
door B is opened, and a candle held at the opening. 
Tliis mode of exhibiting the interior of the cupboanl 
satisfies the spectator also that no- opaque body 
capable of holding or concealing any of the parts 
of a hidden agent is interposed between the light 
and the observer. The door B is now locked and 
the screen I closed ; and as this is done at the time 
that the light is withdrawn, it will wholly escape 
observation. 

The door B is so constructed as to close by its 
own weight, but as the head of the chess-player will 
soon be placed very near it, the secret would be dis- 
closed if, in turning round, the chest door should by 
any accident fly open. The accident is prevented 
by turning the key, and lest this little circumstance 
should excite notice, it would probably be regarded 
as accidental, as the keys were immediately wanted 
for the other locks. 

As soon as the door B is locked, and the screen 
I closed, the secret is no longer exposed to hazard, 
and the exhibiter proceeds to lead the minds of 
the spectators still further from the real state of 
things. The door A is left open to confirm the 
opinion that no person is concealed within, and that 
nothing can take place in the interior without being 
observed. 

The drawer GG is now opened, apparently for 
the purpose of looking at the chess-men, cuuiion, 
and counters which it contains ; but the real obj<ect 
of it is to give time to the player to change his 
position, as shown in Fig. 65, and to replace the 
false back and partition preparatory to the opening 
of the great cupboard. The chess-player, as the 
figure shows, occupies with his body the back com- 
partment of the small cupboard, wmle his legs and 
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hie limbs by the drawer GG. 




The great cupboard C, C, is now opened, and 
there is so little machinery in it thkt the eye in- 
stantly diacovera that no person is concealed there. 
To make this more certain, however, a door is 
opened at the back and a lighted candle held to it, 
to allow the spectators to explore every turner and 

The front doors of the great and small cupboard 
being left open, the chest is wheeled roimd to show 
the trunk of the -fi^re, and the bunch of keys is 
allowed to remain m the dotMr D, as the a^^iarent 
caretesaness of .such a proceeding will help to re- 
move any auapicipn which may have been excited 
by the locking of the door B. 

When the drapery of the figure has been raised, 
and the doors E and F in the trunk and thigh opened, 
' the chest is wheeled round again into its original 
position, and the doors E aid P closed. In the 
mean time the player withdraws his legs from behind 
the drawer, as he cannot so easily do this when the 
drawer G6 is pushed in. 
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In all these openttiDiM, the ^ctator (Mterrt 
himself that be has ecen to raceesnon eTcrypart of 
the chest, while in realitf some parte hare been 
wholly concealed from his view, aind gthera but im- 

Erfectly shown, while at the present time neailjr 
If of the chest ie excluded from view. 
Wben the drawer GG is pnshed in, and the 
doon A and C closed, the cxliibiteT adjusts the 
machinery at the back, in order to give time to the 
plaver to take the position shown in a front view 
in Fig. 60, and in profile in ^. 67. In this po- 
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sition be win experience no difficulty in execolii^ 
every movement made by the automaton. Ae his 
bead is above the chess-board, he will see through 
the waistcoat of the fignre, as easily aa throneh a 
veil, the whole of the pieces on the board, and ho 
can easily take up and put down a chess-man wiUi- 
oot any other mechanism than that of a staring Gom- 
mnnicating with the finger ot the Bgure. His right 
faaod, being witiiin the chest, may be employed to 
keep in motion the wheel-work for prodnonig the 
noise which is beard during the moves, and to per- 
form the oth«r movements of the figiire, such as 
Uiat of moving the head, taj^iing on the diest, Ac. 
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• A very ingenious contrivance is adopted to facil" 
itate the introduction of the player's left arm into 
the arm of the figure. To permit this, the arm of 
the figure requires to be drawn backwards ; and for 
the purpose of concealing, and at the same time 
explaining this strained attitude, a pipe is inge- 
niously placed in the automaton's hand. For this 
reason the pipe is not removed till all the other 
arrangements are completed. When every thing 
has been thus prepared, the pipe is taken from the 
figure, and the exhibitet winds up, is it Wete, the 



Fig. 68. 



Fig* 69. 




) j^ 




enclosed machinery, for the double purpose of ini-' 
pressing upon the company the belief that the eflfect 
18 produced by machinery, and of giving a signal 
to the player to put in motion the head of the au- 
tomaton. 

iThis ingenious explanation of the chess automa- 
ton is, our author states, greatly confirmed by the 
regular and undetiating mode of disclosing the inte- 
rior of the chest ; and he also shows that the facts 
which have been observed respecting the winding 
up of the machine "afford positive proof that the 
axis turned by the key is quite free and unconnected 
either with a spring or weight, or any system of 
machinery/' 
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In order to make Ibe preceding deBcription more 
intetligible, I shall odd the following more detailed 
explaaatioQ of the figures. 




Fig. 61 is a perspective view of the automaton 
seen in front with all the doors thrown open. 

Fig. 63 it) an elevation of the automaton, as seen 
from behind. 

Fig. 63 ia an elevation of the front of the cheet, 
the shaded figure representing the enclosed ^jet 
in his first position, or when the door A U opened. 

Fig. 64 is a side elevation, the shaded figure rep- 
resenting the player in the same position. 

Fig. 65 is a front elevation, the shadad figure 
showing the player in his second position, or that 
which he takes after the door B ^d screen I are 
closed and the great cupboard opened. 

Fig. 66 is a front elevation, the shaded figure 
showing the player in his third position, or that in 
which he plays the game. 

Fig. 67 IS a side elevation, showing the figure in 
the same position. 

Fig. es is a horizontal section of the chest 
through the line WW in Fig. 86. 

Pig. 69 is a vertical section of the Chest throtuh 
Ois Ime XX in Fig. 66. 
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Fig. 70 i8 a vertical section through the line YT, 
Fig. 66 showing the false back closed. 

Fig. 71 is a similar vertical section showing the 
false back raised. 

The following lettets of reference are empl03'ed 
in all the figures : 

A. Front door of the small cupboard. 

B. Back door of ditto. 

C. C. Front doors of large cupboard. 

D. Back door of ditto 

E. Door of ditto. 

F. Door of the thigh. 
GG. The drawer. 

H. Machinery in front of the small cupboard. 

I. Screen behind the machinery. 

K. Opening caused by the removal of part of the 
floor of the small cupboard. 

L. A box which serves to conceal an opening in 
the floor of the large cupboard, made to facilitate . ; 
the first position ; and which also serves as a seat 
for the third position. 

^. A similar box to receive the toes of the player 
in the first position. 
' N. The inner chest filling up part of the trunk. 

O. The space behind the drawer. 

PQ. The false back turning on a joint at Q. 

R. Part of the partition formed of cloth stretched 
tight, which is carried up by the false back to form 
the opening between the chambers. 

S. The opening between the chambers. 

T. The opening connecting the trunk and chest, 
which is partly concealed by the false back. 

U. Panel which is slipped aside to admit the 
player. 

Various pieces of mechanism of wonderful inge- 
nuity have been constructed for the purposes of 
drawing and writing. One of these, mvented by 
M. Le Droz, the son of the celebrated Droz of 
Chaux le Fonds, has been described by Mr. Col- 
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linsoii. The figure was the size of life. It held in 
its hand a metallic style, and when a spring was 
touched, so as to release a detent, the figure imme- 
diately began to draw upon a card of Dutch vellum 
previously laid under its hand. After the drawing 
was executed on the first card, the figure rested. 
Other five cards were then put in in succession, and 
upon these it deUneated in the same manner dif- 
ferent subjects. On the first card it drew " elegant 
portraits and Ukenesses of the king ahd queen facing 
each other;" and Mr. CoUinson remarks, that it 
was curious to observe with what precision the figure 
lifted up its pencil in its transition from one point 
of the drawing to another without making the 
sUghtest mistake. 

' M. Maillardet has executed an automaton which 
both writes and draws. The figure of a boy kneel- 
ing on one knee holds a pencil in his hand. When 
the figure begins to work, an attendant dips the 
pencil in ink, and adjusts the drawing-paper upon 
a brass tablet. Upon touching a spring the figure 
proceeds to write, and when the line is finished 
its hand returns to dot and stroke the letters wheii 
necessary. In this manner it executes four beau- 
tiful pieces of writing in French and English, and 
three landscapes, all of which occupy i^ut one 
hour. 

One of the most popular pieces of mechanism 
which we have seen is the magician constructed by 
M. Maillardet for the purpose of answering certain 
given questions. A figure, dressed like a magician, 
appears seated at the bottom of a wall, holding a 
wand in one hand and a book in the other. A 
number of questions ready prepared are inscribed 
on oval medallions, and the spectator takes any of 
these which he chooses, and to which he wishes an 
answer, and having placed it in a drawer ready to 
ireceive it, the drawer shuts with a spring till the 
a(i9wer is returned, The magiciaq then rises from 
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his seat, bows his head, describes circles with his 
wand, and consulting the book as if in deep thought, 
he lifts it towards his face. Having thus appeared 
to ponder over the proposed question, he raises his 
wand, and striking with it the wall above his head, 
two folding-doors fly open, and display an appro- 
priate answer to the question. The doors agaia 
close, the magician resumes his priginal position, 
and the drawer opens to return the medallion. 
There are twenty of these medallions, all contain- 
ing different questions, to which the magician re- 
turns the most suitable and striking answers. The 
medallioDs are thin plates of brass of an elliptical 
form, exactly resembling each other. Some of the 
medallions Iiave a question inscribed on each side, 
both of which the magician answers m succession. 
If the drawer is shut without a medallion being put 
into it, the magician rises, consults his book, shakes 
his head, and resumes his seat. The Colding>doors 
remain shut, and the drawer is returned empty. If 
two medallions are put into the drawer together, an 
answer is returned only to the lower one. . When 
the machinery is wound up, the movements con- 
tinue about an hour, during which time about fifty 
Questions may be answered. The inventor stated 
that the means by which the different medallions 
acted upon the machinery, so as to produce the 
proper answers to the questions which they con- 
tained, were extremely simple.* 

The same ingenious artist has constructed va- 
rious other automata, representing insects nd other 
animals. One of these was a spider entirely made 
of steel, which exhibited all the movements of the 
animal. It ran on the surfak;e of a table during 
three minutes, and to prevent it from rumilnff on, 
its course always tended towards the centre of the 
table. He constructed likewise a caterpillar, a 
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lizard, a mouse, and a serpent. The serpent crawls 
about in every direction, opens its mouth, hisses^ 
and darts out its tongue. 

Ingenious and beautiful as all these pieces of 
mechanism are, and surprising as their effects ap- 
pear even to scientific spectators, the principal 
object of their inventors was to astonish and an' use 
the public. We should form afl erroneous judgment, 
however, if we supposed that this was the only re- 
sult of the ingenuity which they displayed. The 
passion for automatic exhibitions which character- 
ized the 18th century, gave rise to the most inge- 
nious mechanical devices, and introduced among the 
higher orders of artists habits of nice and accurate 
execution in the formation of the itiost delicate 
pieces of machinery. The same combination of 
the mechanical powers which made the spider crawl, 
or which waved the tiny rod of the magician, con- 
tributed in future years to purposes of higher im- 
port. Those wheels and pinions, which almost 
eluded our senses by their minuteness, reappeared 
in the stupendous mechanism of our spinning-ma- 
chines and our steam-engines. The elements of 
the tumbling puppet were revived in the chronom- 
etef, which now conducts our navy through the 
ocean \ and the shapeless wheel which directed the 
hand of the drawing automaton has served in the 

E resent age to guide the movements of the tam- 
ouring engine. Those mechanical wonders which 
in one century enriched only the conjurer who used 
them, contributed in another to augment the wealth 
of the nation ; and those automatic toys which once 
amused the vulgar are now employed in extending the 
power and promoting the civilization of our species. 
In whatever way, indeed, the power of genius may 
invent or combine, and to whatever low or even 
ludicrous purposes that invention or combination 
may be originally applied, society receives a gift 
whMfa it can miver lotQ ; and though the value of 
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the seed may not be at once recognised, and though 
it may lie long unproductive in the ungenial till of 
human knowledge, it will some time or other evolve 
its germ, and yield to mankind its natural and abun- 
dant harvest. 

Did the hmits of so popular a volume as this 
ought to be permit it, I should have proceeded to 
giv^ a general description of some of these extra- 
ordmary pieces of machinery, the construction and 
effects of which never fail to strike the spectator 
with surprise. This^ however, would lead me into 
a field too extensive, and I shall therefore confine 
myself to a notice of three very remarkable pieces 
of mechanism which are at present very little known 
to the general reader, viz. the tambouring machine 
of Mr. Duncan, the statue-turning machine of Mr. 
Watt, and the calculating machinery of Mr. Bab- 
bage. ' 

The tambouring of muslins, or the art of pro- 
ducing upon them ornamental flowers and figures, has 
been long known and practised in Britain, as well as 
in other countries ; but it was not long before the year 
1790 that it became an object of general manufacture 
in the west of Scotland, where it was chiefly carried 
on. At first it was undeir the direction of foreigners ; 
but their aid was not long necessary, and it speedily, 
extended to such a degree as to occupy either wholly 
or partially more than 20,000 femades. Many of 
these labourers lived in the neighbourhood of Glas- 
gow, which was the chief seat of the manufacture ; 
but others were scattered through every part of 
Scotland, and supplied by agents with work and 
money. In Glasgow, a tambourer of ordinary skitt 
could not in general earn more than five or six 
shillings a week by constant application ; but to a 
labouring artisan, who had several daughters, even 
these low wages formed a source of great wealth 
At the age of five years, a child capable of handling 
g nsedle was devoted to tambourii^, even though'it 
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could not eani more than a shilling or two in a week ; 
and the consequence of this was, that female duUbren 
were taken from school, and rendered totally uoAt 
for any social or domestic duty. The tambouring 
population was therefore of the worst kind, and it 
must have been regarded as a blessing rather than as 
a calamity, when the work which they performed 
was intrusted to regular machinery. 

Mr. John Duncan of Glasgow, the inventor of the 
tambouring machinery, was one of those unfortunate 
individuals who benefit their species without bene- 
fiting themselves, and who died in the meridian of life 
the victim of poverty and of national ingratitude. 
He conceived the idea of bringing into action a great 
number of needles at the same time, in order to 
shorten the process by manual labour, but he at first 
was perplexed about the diversification of the pattern. 
This difficulty, however^ he soon surmounted by 
employing two forces at right angles to each other, 
which gave him a new force in the direction of the 
diagonal of. the parsdlelogram, whose sides were 
formed by the original forces. His first machine 
was very imperfect ; but after two years' study he 
formed a company, at whose expense six improved 
machines were put in action, and who secured the 
invention by a patent. At this time the idea of 
rendering the machine automatic had scarcely oc- 
curred to him ; but he afterward succeeded m 
accomplishing this great object, and the tambouring 
machines were placed under the surveillance of a 
steam-engine. Another patent was taken for these 
improvements. The reader who desires to have 
a minute account of these improvements, and of 
the various parts of the machinery,' will be amply 
gratified by perusing the inventor's own account 
of the machinery in the article chain-work in the 
Edinburgh Encyclopedia. At present it will be suf- 
ficient -to state, that the muslin to be tamboured was 
suspended vertically in a frame whioh was oopahle of 
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■being moved both in a vertical and a horizontal 
direction. Sixty or more needles Ijring horizontally 
occupied a frame in front of the muslin web. Each 
of these working needles, as they are called, was 
attended by a feeding-needle, wMch, by a circular 
motion round the workmg-needle, lodged upon the 
stem of the latter the loop of the thread. The sixty 
needles then penetrated the web, and in order that 
they might return again without injuring the fabric, 
the barb or eye of the needle, which resembled the 
barb of a fishing-hook, was shut by a slider. The 
muslin web then took a new position by means of the 
machinery that gave it its horizontal and vertical 
motion, so that the sixty needles penetrated it at 
their next movement at another point of the figure 
Or flower. This operation went on till sixty flowers 
were completed^ The web was then slightly wound 
up, that the needles might be opposite that part of 
it on which they were to work another row of 
flowers. 

The flowers were generally at an inch distance, 
and the rows were placed so that the flowers formed 
what are called diamonds. There were seventy-two 
rows of flowers in a yard, so that in every square 
yard there were nearly 4000 flowers, and in every 
piece of ten yards long 40,000. The number of 
loops or stitches in a flower varied with the pattern, 
but on an average there were about thirty. Hence 
the number of stitches in a yard were 120,000, and the 
number in a piece is 1,200,000. The average work 
done in a week by one machine Was fifteen yards, or 
60,000 flowers, or 1,800,000 stitches; and by com- 
paring this with the work done by one person with 
the hand it appears that the machine enabled one 
person to do the work of twenty-four persons. 

One of the most curious and important applica-* 
tions of machinery to the arts which has been sug- 
gested in modern times was made by the late Mr. 
Watti in the construction of a machine for copying*^ 
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or reducing statues and sculpture of all kinds. Th# 
art of multiplying busts and statues, by casts in plas- 
ter of Paris, has ocen the means of diffusing a know- 
ledge of this branch of the fine arts ; but from the 
fragile nature of the material, the copies thus pro- 
duced were unfit for exposure to the weather, and 
therefore ill calculated for ornamenting public build- 
ings, or for perpetuating the memory of public 
achievements. A machine, therefore, which is ca- 
pable of multiplying the labours of the sculptor in 
the durable material of marble or of brass was a de« 
sideratum of the highest value, and one which could 
have been expected only from a genius of tiie first 
order. During many years Mr. Watt carried on 
his labours in secret, and he concealed even his in- 
tention of constructing such a machine. After he 
had made considerable progress in its execution, 
and had thought of securing his invention by a 
patent, he learned that an ingenious individual in his 
own neighbourhood had been long occupied in the 
same pursuit ; and Mr. Watt informed . me that he 
had every reason to believe that this gentleman 
was entirely ignorant of his labours. A proposal was 
then made that the two inventors should combine 
their talents, and secure the privilege by a joint 
patent ; but Mr. Watt had experienced so frequently 
the fatal operation of our patent laws, that he saw 
many difficulties in the way of such an arrangement, 
and he was unwilling, at Ids advanced age, to embai^ 
in a project so extensive, and which seemed to 
require for its successful prosecution all the ardour 
and ambition of a youthful mind. The scheme was 
therefore abandoned ; and such is the unfortunate 
operation of our patent laws, that the circumstance 
of two individuals having made the same invention 
has prevented both from bringing it to perfection, 
and conferring a great practical benefit upon their 
species. The machine which Mr. Watt had con- 
structed had actually executed some excellent pieces 
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of work. I have seen in his house at Heathfield 
copies of basso-relievos, and complete statues of a 
small size ; and some of his friends have in their 
possession other specimens of its performance. 

Of all the machines which have been constructed 
in modem times, the calculating machine is doubt- 
less the most extraordinary. Pieces of mechanism 
for performing particular arithmetical operations 
have been long ago constructed, but these bear no 
compariison either in ingenuity or in magnitude to 
the grand design conceived and nearly executed by 
Mr. Babbage. Great as the power of mechanism 
is known to be, yet we venture to say that many of 
the most intelligent of our readers will scarcely 
admit it to be possible that astronomical and navi- 
gation tables can be accurately computed by mar 
chinery; that the machine can itself correct the 
errors which it may commit ; and that the results 
of its calculations when absolutely free from error, 
can be printed off, without the aid of human hands, 
or the operation of human intelligence. All this, 
however, Mr. Babbage's machine can do ; and as 
I have had the advantage of seeing it actually cal- 
culate, and of studying its construction with Mr. 
Babbage himself, I am able to make the above state- 
ment on personal observation. The calculating mar 
chine now constructing under the superintendence 
of the inventor has been executed at the expense of 
the British government, and is of course their prop- 
erty. It consists essentially of two parts — a calcu- 
lating part and a printing part, both of which are 
necessary to the fulfilment of Mr. Babbage's views, 
for the whole advantage would be lost if the conir 
putations made by the machine were copied by hu- 
man hands and transferred to types by the common 
process. The greater part of the calculating mar 
chinery is already constructed, end exiiibits work- 
manship of such extraordinary skill and beauty that 
nothing approaching to it has been witnessed. In 
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order to execute it, particularly those parts of tlM 
apparatus which are dissimilar to any used in OTdi-* 
nary mechanical constructions, tools and machinery 
of great expense and complexity have been invented 
and constructed; and in many instances contri^ 
vances of singular ingenuity have been resorted tO| 
which cannot fail to prove extensively useful in va^ 
rious branches of the mechanical arts. 

The drawings of this machinery, which form a 
large part of the work, and on which all the contri- 
vance has been bestowed, and all the alterations 
made, cover upwards of 400 square feet of surface^ 
and are executed with extraordinary care and pre^^ 
cision. 

In so complex a piece of mechanism, in which 
interrupted motions are propagated simultaneously 
along a great variety of trains of mechanism, it 
might have been supposed that obstructions would 
arise, or even incompatibilities occur, from the im* 
practicability of foreseeing all the possible combi- 
nations of the parts ; but this doubt has been en- 
tirely removed, by the constant employment of a 
system of mechanical notation invented by Mr. Bab^ 
bage, which places distinctly in view at .every in- 
stant the process of motion through all the parts 
of this or any other machine, and by writing down 
in tables the times required for all the movements, 
this method renders it easy to avoid all risk of two 
opposite actions arriving at the same instant at any 
part of the engine. 

In the printing part of the machine less progress 
has been made in the actual execution than in the 
calculating part. The cause of this is the ^ ^eater 
difficulty of its contrivance, not for transferring the 
computations from the calculating part to the cop- 
per or other plate destined to receive it, but for giv- 
mg to the plate itself that number and variety of 
movements which the forms adopted ia printed ta- 
bles may call for in practice. 
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The practical object of the calculating engine is 
to compute and print a great variety and extent of 
astronomical and navigation tables, which could not 
be done without enormous intellectual and manual 
labour, and which, even if executed by such labour, 
could not be calculated with the requisite accuracy* 
Mathematicians, astronomers, and navigators do 
not require to be informed of the real value of such 
tables ; but it may be proper to state, for the informal 
tion of others, that seventeen large folio volumes of 
logarithmic tables alone were calculated at an 
enormous expense by the French government ; and 
that the British government regarded these tables 
to be of such national value that they proposed to 
the French Board of Longitude to print an abridge 
ment of them at the joint expense of the two na- 
tions, and offered to advance 5000/. for that purpose. 
Besides logarithmic tables, Mr. Babbage^s machine 
will calculate tables of the powers and products of 
numbers, and all astronomical tables for determin- 
ing the positions of the sun, moon, and planets ; 
and the same mechanical principles have enabled 
him to integrate innumerable equations of finite 
differences, that is, when the equation of differences 
is given, he can, by setting an engine, produce at 
the end of a given time any distant term which may 
be required, or any succession of terms commencing 
at a distant point. 

Besides the cheapness and celerity with which 
this machine will perform its work, the absolute 
accuracy of the pnnted results deserves especial 
notice. By peculiar contrivances, any small error, 
produced by accidental dust or by any slight inac- 
curacy in one of the wheels, is corrected as soon as 
it is transmitted to the next, and this is done in 
such a manuv^x as effectually to prevent any accu- 
mulation of small errors from producing an erro- 
neous figure in the result. 

In order to convey some idea of this stupendous 
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undertaking, we may mention the effects produced 
by a small trial engine constructed by the inventor, 
and by which he computed the following table from 
the formidaj:*+*+41. The figures as they were 
calculated b^ the machine were not exhibited to the 
eye as in shding rules and similar instruments, but 
were actually presented to the eye on two opposite 
sides of the machine : the number 383, for example, 
appearing in figures before the person employed in 
copying. 

Table calculated by a small Trial Engirie. 



41 


131 


383 


797 


1373 


43 


151 


421 


853 


1447 


47 


173 


461 


911 


1523 


53 


197 


583 


971 


1601 


61 


223 


547 


1033 


1681 


71 


351 


533 


1097 


. 1763 


83 


281 


641 


1163 


1847 


97 


313 


691 


1231 


1933 


13 


347 


743 


1301 


2021 



While the machine was occupied in calculating 
this table, a friend of the inventor undertook to 
write down the numbers as they appeared. In 
consequence of the copyist writing quickly, he ra- 
ther more than kept pace with the engine, but as 
soon as five figures appeared, the machine was at 
least equal in speed to the writer. At another 
trial thirty-two numbers of the same table were 
calculated in the space of two minutes and thirty- 
seconds, and as these contained eighty-two figures,- 
the engine produced thirty-three figures every min- 
ute, or more than one figure in every two' seconds. 
On another occasion itproduced/or^y-^*t/c*r figures per 
minute. This rate or computation could be main- 
tained for any length of time ; and it is probable 
that few writers are able to copy with equal speed 
for many hoars togethar. 
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Some of that class of individuals who envy all 
great men, and deny all great inventions, have igno- 
rantly stated that Mr. Babbage^s invention is not 
nevir. The same persons, had it suited their purpose, 
would have maintained that the invention of spec- 
tacles was an anticipation of the telescope; but 
even this is more true than the allegation that the 
arithmetical machines of Pascal and others were the 
t3rpes of Mr. Babbage's engine. The object of these 
machines was entirely different. Their highest 
functions were to perform the operations of com- 
mon arithmetic. Mr. Babbage^s engine, it is true, 
can perform these operations also, and can extract 
the roots of numbers, and approximate to the roots 
of equations, and even to their impossible roots. 
But this is not its object. Its function, in contra^ 
distinction to that of all other contrivances for cal- 
culating, is to imbody in machinery the method of 
differences, which has never before been done : and 
the effects which it is capable of producing, and 
the works which in the course of a few years we 
expect to see it execute, will place it at an infinite dis- 
tance from aU other efforts of mechanical genius.* 

* a pofmlar acoonnt of tbto enfine will be Ibnnd in Mr. Babban^ 
IntensUng Toliune On the Economy i^ Mant/actweMf jast publisbed. 
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LETTER XII. 

WondArs of Cbymistry— Origin, Progress, and Objeeta of Alebymy— Art 
of breafhing Fire— Employed by Barchochebas, Eunas, dee.— Modem 
Method— Art of Walkiuft upon barninj; Coals and red-boc Iron, and of 
Planginir tbe Hands in melted Lead and boiling Water— Sinmilar Prop- 
erty of boiling Tar -Workmen plunge their Hands in melted Copper — 
Trial of ordeHl by Fire— Aldini*s incombustible Dresses^ExamplesoT 
their wonderful Power in resisting Flame— Power of breathing and en- 
during Air of hiffh Temperatures— Experiments made by Sir Jbsepli 
Banks, Sir Charles Blagden, and Mr. Cbautry. 

The science of chymistry has from its infancy 
been pre-eminently the science of wonders. In her 
laboratory the alchymist and the magician have 
revelled uncontrolled, and from her treasures was 
forged the sceptre which was so long and so fatally 
wielded over human reason. The changes which 
take place in the bodies immediately around us are 
too few in number, and too remote from observation, 
to excite much of our notice ; . but when the subr 
stances procured directly from nature, or formed 
casually by art, become objects of investigaticm, they 
exhibit in their simple or combined actions the n\ost 
extraordinary effects. The phenomena which they 
display, and the products which they form, so little 
resemble those with which we are familiar, that the 
most phlegmatic and the least speculative observer 
must have anticipated from them the creation of 
new and valuable compounds. It can scarcely, 
therefore, be a matter of surprise that minds of the 
highest order, and spirits of the loftiest ambition, 
should have sought in the transmutations of chym- 
istry for those splendid products which were con- 
ceived to be most conducive to human happiness. 

The disciple of Mammon grew pale over his cru- 
cible in his ardour to convert the baser metals into 



OmaiN OF ALGHYMV. 260 

gold : the philosopher pined in secret for the uni:* 
versal solrent which might develop the elements 
of the precious stoneS) and yield to him the means 
of thqjpr production ; and the philanthropist aspired 
after a universal medicine, which might arrest dis- 
ease in its course, and prolong indefmitely the life 
of man. To us who live under the meridian of 
knowledge such expectations must appear as pre- 
sumptuous as they were delusive: but when we 
consider that gold and silver were acttially produced 
by chymical processes from the rude ores of lead 
and copper; that some of the most refractory 
bodies had yielded to the disintegrating and solvent 
powers of chymical agents ; and that the mercurial 
preparations of the Arabian physicians had operated 
like charms in the cure of diseases that had resisted 
the feeble medicines of the times, we may find some 
apologjr for the extravagant expectations of the 
aich3rmists. 

An object of lofty pursuit, even if it be one of 
impossible attainment, is not unworthy of philo- 
sophical ambition. Though we cannot scale the 
summit of the volcanic cone, we may yet reach its 
heaving flanks ; and though we cannot decompose its 
loftiest fires, we may yet study the lava which they 
have melted and the products which they have sub- 
limed. In like mamier, though the philosopher's 
stone has not been found, chymistry has derived rich 
accessions from its search ; though the general 
solvent has not been obt£uned, yet the diamond and 
the gems have surrendered to sciehce their adaman- 
tine strength; and though the elixir of life has 
never been distilled, yet other medicines . have 
soothed " the ills which flesh is heir to," and pro- 
longed in no slight degree the average term of our 
existence. 

Thus far the pursuits of the alchymist were hon- 
ourable and useful; but when his calling was fol- 
lowed, as it soon was, by men prodigal of fortune 
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and of character, science became an instrument of 
crime ; secrets unattained were bartered for the gold 
of the credulous and the Ignorant, and books innu- 
merable were composed to teach these pr^ufded 
secrets to the world. An intellectual reaction, how- 
ever, soon took place, and those very princes who 
had sought to fill their exhausted treasuries at the 
furnace of the chymist were the first to enact laws 
against the frauds which they had encouraged, and 
to dispel the illusions which had so long deceived 
their subjects. 

But even when the moral atmosphere of Europe 
was thus disinfected, chymistry supplied the ma- 
gician with his most lucrative wonders, and those who 
could no longer delude the public with dreams of 
wealth and longevity now sought to amuse and 
astonish them by the exhibition of their skill. The 
narrow limits of this volume will not permit me to 
give even a general view of those extraordinary 
effects which this popular science can display. I 
must therefore select from its inexhaustible stores 
those topics which are more striking in their results, 
and most popular in their details. 

One of the most ancient feats of magic was the 
art of breathing flame, — an art which even now 
excites the astonishment of the vulgar. During the 
insurrection of the slaves in Sicily in the second 
century before Christ, a Syrian named Eunus ac- 
quired by his knowledge the rank of their leader. 
In order to establish his influence over their minds, 
he pretended to possess miraculous power. When 
he wished to inspire his followers with courage, he 
breathed flames or sparks among them from his 
mouth, at the same time that he was rousing them 
by his eloquence. St. Jerome informs us that the 
Rabbi Barchochebas, who headed the Jews in their 
last revolt against Hadrian, made them believe that 
he was the Messiah, by vomiting flames from his 
mouth; and at a later period, the Emperor Go&> 
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!ttaiitiu8 was thrown into a state of alann when Yal- 
entinian infonned him that he had seen one of the 
body-guards breathing out fire and flames. We are 
not acquainted with the exact methods by which 
these effects were produced ; but Florus informs us, 
that Eunus filled a perforated nut-shell with sulphur 
and fire, and having concealed it in his mouth, he 
breathed gently through it while he was speaking. 
This art is performed more simply by the modern 
/ juggler. Having rolled together some flax or hemp, 
so as to form a ball the size of a walnut, he sets it 
on fire, and allows it to bum till it is nearly con- 
sumed : he then rolls roimd it while burning some 
additional flax, and by these means the fire may be 
retain^ in it for a considerable time. At the com- 
mencement of his exhibition he introduces the baU 
into his mouth, and while he breathes through it the 
fire is revived, and a number of burning sparks are 
projected from his mouth. ' These sparks are too 
feeble to do any harm, provided he inhales the air 
through his nostrils. 

The kindred art of walking on burning coals or 
red-hot iron remounts to the same antiquity. The 
priestesses of Diana at Castabala in Cappadocia 
were accustomed, according to Strabo, to walk over 
burning coals; and at the annual festival, which 
was held in the temple of Apollo on Mount Soracte 
in Etruria, the Hirpi marched over burning coals, 
and on this account they were exempted from mili- 
tary service, and received other privileges from 
the Roman senate. This power of resisting fire 
was ascribed even by Varro to the use of some 
liniment with which they anointed the soles of their 
feet. 

Of the same character was the art of holding red- 
hot iron in the hands or between the teeth, and of 
plunging the hands into boiling water or melted 
lead. About the close of the seventeenth century, 
an EngHshman of the name of Richardeion rendered 
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himself famous by chewing burning coals, poorinff 
melted lead upon his tongue, and swallowing melted 
glass. That these effects are produced partly by 
deception, and partly by a previous preparation of 
the parts subjected to the heat, can scarcely admit 
of a doubt. The fusible metal composed of mer- 
cury, tin, and bismuth, which melts at a low tem- 
perature, might easily have been substituted in place 
of lead ; and fluids of easy ebullition may have been 
used in place of boiling water. A solution of sper- 
maceti or sulphmic ether, tinged with alkanet-root, 
which becomes solid at 50° of Fahrenheit, and melts 
and boils with the heat of the hand, is supposed to 
be the substance which is used at Naples when the 
dried blood of St. Januarius melts spontaneously, 
and boils over the vessel which contains it. 

But even when the fluid requires a high tempera- 
ture to boil, it may have other properties, which 
enable us to plunge our hands into it with impunity. 
This is the case with boihng tar, which boils at a tem- 
perature of 220°, even higher than that of water. 
Mr. Davenport informs us, that he saw one of the 
workmen in the king^s dock-yard at Chatham im- 
merse his naked hand in tar of that temperature. 
He drew up his coat-sleeves, dipped in his hand and 
wrist, bringing out fluid tar, and pouring it off from 
his hand as from a ladle. The tar remained in com- 
plete contact with his skin, and he wiped it off with 
tow. Convinced that there was no deception in this 
experiment, Mr. Davenport immersed, the entire 
length of his forefinger in the boiling caldron, and 
moved it about ' a short time before the heat 
became inconvenient. Mr. Davenport ascribes this 
singular effect to the slowness with which the tar 
communicates its heat, which he conceives to arise 
from the abundant volatile vapour which is evolved 
" carrying off rapidly the caloric in a latent state, 
and intervening between the tar and the skin, so as 
to prevent the more rapid communication of heat" 
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He conceives also, that when the hand is withdrawn, 
and the hot tar adhering to it, the rapidity with which 
this vapour is evolved from the surface exposed to 
the air cools it immediately. The workmen informed 
Mr. Davenport, that if a person put his hand into 
the caldron- with his glove on, he would be dread- 
fully burnt ; but this extraordinary result was not put 
to the test of observation. 

But though the conjurers with fire may have 
availed themselves of these singular properties of 
individual bodies, yet the general secret of their art 
consisted in rendering the skin of the exposed parts 
callous and insensible to heat, — an effect which may 
be produced by continually compressing or singeing 
them till the skin acquires a homy consistence. A 
proof of this opinion is mentioned by Beckmann, 
who aissures us that in September, 1765, when he 
visited the copper works at Awestad, one of the 
workmen, bribed by a Uttle money to drink, took 
some of the melted copper Jn his hand, and after 
showing it to the company, threw it against a wall. 
He then squeezed the fingers of his homy hand 
close to each other, held it a few minutes under his 
arm-pit to make it perspire, as he said, and taking it 
again out, drew it over a ladle filled with melted 
copper, some of which he skimmed off, and moved 
his hand backwards and forwards very quickly by 
way of ostentation. During this performance, M. 
Beckmann noticed a smell iSce that of singed horn 
or leather, though the hand of the workman was not 
burned. This callosity of the skin may be effected 
by frequently moistening, it with dilute sulphuric 
acid. Some allege that me juices of certain plants 
produce the same effect, while others recommend 
the frequent mbbing of the skin with oil. The 
receipt given by Albertus Magnus for this purpose 
was of a different nature. It consisted of a non- 
conducting calcareous paste, which was made to ad- 
here to the skin by the sap of the marsh-maUow, 



374 lATTERS ON NATURAL MA«ia 

the slimy seeds of the flea-bane, and the "white of 
anegjf. 

As the ancients were acquainted with the incom- 
bustibility of asbestos or amianthus, and the art of 
weaving it into cloth, it is highly probable that it 
was employed in the performance of some of their 
miracles, and it is equally probable that it was sub- 
sequently used, along with some of the processes 
already described, in enabling the victims of super- 
stition to undergo without hazard the trial of ordeal 
by fire. In every country where this barbarous 
usage prevailed, whether in the sanctuary of the 
Christian idolater, or in the pagan temple of the 
Bramin, or under the wild orgies of the African 
savage, Providence s»eems to have provided the 
means of meeting it with impunity. In Catholic 
countries this exculpatory judgment was granted 
chiefly to persons in weak health, who were inca- 
pable of using arms, and particularly to monks and 
ecclesiastics, who could not avail themselves of the 
trial by single combat. The fire ordeal was con- 
ducted in the church under the inspection of the 
clergy : mass was at the same time celebrated, and 
the iron and the victims were consecrated by the 
sprinkling of holy water. The preparatory steps 
were also under the direction of the priests. It was 
necessary that the accused should be placed three 
days and three nights under their care, both before and 
after the trial. Under the pretence of preventing the 
defendant from preparing his hands by art, and in order 
to ascertain the result of the ordeal, his hands were 
covered up and sealed during the three days which 

E receded and followed the fiery application ; and it 
as been plausibly conjectured by Beckmann, that 
during the first three days the preventive was 
applied to those whom they wished to acquit, and 
that the last three days were requisite to brmg back 
the hands to their natural condition. In these and 
other cases, the accused could not have availed him* 
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self directly of the use of asbestos gloves, unless 
we could suppose tliem so made as to imitate the 
human skin at a distance; but the fibres of that 
mineral may have been imbedded in a paste which 
applied itself readily to all the elevations and depres- 
sions of the skin. 

In our own times the art of defending the hsuids 
and face, and indeed the whole body, from the action 
of heated iron and intense fire, has been applied to 
the nobler purpose of saving human life, and rescu- 
ing property from the flames. The revival and the 
improvement of this art we owe to the benevolence 
and the ingenuity of the Chevalier Aldini of Milan, 
who has travelled through all Europe to present this 
valuable gift to his species. Sir H. Davy had long 
ago shown that a safety lamp for illuminating mines 
containing inflammable air might be constructed of 
wire-gauze alone, which prevented the flame within, 
however large or intense, from setting fire to the 
inflammable air without. This valuable property, 
which has been long in practical use, hie ascribed to 
the conducting and radiating power of the wire- 
gauze, which carried off" the heat of the flame, and 
deprived it of its power. The Chevalier Aldini con- 
ceived the idea of applying the same material in 
combination with other badly conducting substances, 
as a protection against fire. The incombustible 
pieces of dress which he uses for the body, arms, 
and legs are formed out of strong cloth, which has 
been steeped in a solution of alum, while those for 
the head, hands, and feet, are made of cloth of as- 
bestos or amianthus. The headdress is a large cap, 
which envelopes the whole head down to the neck, 
having suitable perforations for the eyes, nose, and 
mouth. The stocking and cap are single, but the 
gloves are made of double amianthus cloth, to en- 
able the fireman to take into his hand burning or 
red-hot bodies. The piece of ancient asbestos cloth 
preserved in the Vatican was formed, we believe, by 
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mixing the asbestos with other fibrous stibstaaces ; 
but M. Aldini has executed a piece of nearly the 
same size, nine feet five inches long, and five feet 
three inches wide, which is much stronger than the 
ancient piece, and possesses superior qualities, in 
consequence of having been woven without the iit* 
troduction of any foreign substances. In this manu- 
facture the fibres are prevented from breaking by 
the action of steam, the cloth is made loose in its 
fabric, and the threads are about the fiftieth of ao 
inch in diameter. 

The metallic dress which is superadded to these 
means of defence consists of five principal pieces, 
viz. a casque, or cap, with a mask large enough to 
leave a proper space between it and the asbestos 
cap ; a cuirass with its brassets ; a piece of armour 
for the trunk and thighs ; a pair of boots of double 
wire-gauze ; and an oval shield 5 feet long by 3^ 
wide, made by stretching the wire-gauze over a 
slender frame of iron. All these pieces are made of 
iron wire-gauze, having the interval between its 
threads the twenty-fifth part of an inch. 

In order to prove the efficacy of this apparatus, 
and inspire the fijremen with confidence in its pro-^ 
tection, he showed them that a finger first envel- 
oped in asbestos, and then in a double case of wire- 
gauze, might be held a long time in the flame of a 
spirit-lamp or candle before the heat became incon- 
venient. A fireman having his hand within a double 
asbestos glove, and its palm protected by a piece of 
asbestos cloth, seized with impunity a large piece 
of red-hot iron, carried it deliberately to the distance 
of 150 feet, inflamed straw with it, and brought it 
back again to the furnace. On other occasions, the 
firemen handled blazing wood and burning sub- 
stances, and walked during five minutes upon an 
iron grating placed over flaming fagots. 

In order to show how the head, eyes, and lungs 
4re protected, the fireman put on the asbestos andL 
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wire-gBuze cap, and the cuirasB, and held the shield 
before his breast. A fire of shaTings was then 
Ug-hted, and kept burning in a large raised cbaiing- 
^sh, and the fireman plunged his head into the 
middle of the flames with hia face to the fuel, and 
in that position went several times round the chaflne- 
diah for a period longer than a minute. In a. sub- ' 
sequent trial at Paris, a fireman placed his head in 
the middle of a large brasier flUed with flaming hay 
and wood, as in Fig. 72, and resisted the action of 

Fig. T2. 




flw fire during five or six minutes, and even ten 



In the experiments which were made at Paris 
in presence of a committee of the Academy of 
Sciences, two parallel rows of straw and brushwood, 
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supported by iron wires, were formed at the dis« 
tance of three feet from each other, and extended 
thirty feet in length. When this combustible mass 
was set on fire, it was necessary to stand at the dis- 
tance of eight or ten yards to avoid the heat. The 
flames from both the rows seemed to fill up the 
whole space between them, and rose to the height 
of nine or ten feet. At this moment six firemen, 
clothed in the incombustible dresses, and marching' 
at a slow pace behind each other, repeatedly passed 
through the whole length between the two rows 
of flame, which were constantly fed with additional 
combustibles. One of the firemen carried on his 
back a child eight years old in a wicker basket cov- 
ered with metdlic gauze, and the cliild had no other 
dress than a cap made of amianthine cloth. 

In February, 1829, a still more striking experiment 
was made in the yard of the barracks of St. Gervais. 
Two towers were erected two stories high, and 
were surrounded with heaps of inflamed mate- 
rials, consisting of fagots and straw. The firemen 
braved the danger with impunity. In opposition to 
the advice of M. Aldini, one of them, with the basket 
and child, rushed into a narrow place, where the 
flames were raging eight yards high. The violence 
of the fire was so great that he could not be seen, 
while a thick black smoke spread around, throwing 
out a heat which wds unsupportable by the specta- 
tors. The fireman remained so long mvisible that 
serious doubts were entertained of lus safety. He 
at length, however, issued from the fiery gulf unin- 
jured, and proud of having succeeded in braving so 
great a danger. 

It is a remarkable result of these experiments, 
that the firemen are able to breathe without difil- 
culty in the middle of the flames. This effect is 
owing, not only to the heat being intercepted by the 
wire-gauze as it passes to the lungs, in consequence 
of which its temperature becomes 8upportiU>le) but 
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also to the singular power which the body possesses 
of resisting great heats, and of breathing air of high 
temperatures. 

A series of curious experiments were made on 
this subject by M. Tillet, in France, and by Dr. For- 
dyce and Sir Charles Blagden, in England. Sir Jo- 
seph Banks, Dr. Solander, and Sir Charles Blagden 
entered a room in which the air had a temperature 
of 198° Fahr., and remained ten minutes ; but as the 
thermometer sank very rapidly, they resolved to enter 
the room singly. Dr. Solander went in alone, and 
found the heat 210°, and Sir Joseph entered when 
the heat was 211°. Though exposed to such an 
elevated temperature, their bodies preserved their 
natural degree of heat. Whenever they breathed 
upon a thermometer it sank several degrees ; every 
expiration, particularly if strongly made, gave a 
pleasant impression of coolness to their nostrils, and 
their cold breath cooled their fingers whenever it 
reached them. On touching his side. Sir Charles 
Blagden found it cold like a corpse, and yet the heat 
of his body under his tongue was 98°. Hence they 
concluded that the human body possesses the power 
of destroying a certain degree of heat when com- 
municated with a certain degree of quickness. This 
power, however, varies greatly in different media. 
The same person who experienced no inconve- 
nience from air heated to 211° could just bear recti- 
fied spirits of wine at 130°, cooling oil at 129°, cool- 
ing water at 123°, and cooling quicksilver at 117°. 
A familiar instance of this occurred in the heated 
room. All the pieces of metal there, even their 
watch-chains, felt so hot, that they could scarcely 
bear to touch them for a moment, while the air 
from which the metal had derived all its heat was 
only unpleasant. MM. Duhamel and Tillet ob- 
served at Rochefoucault in France, that the girls who 
were accustomed to attend ovens in a bakehouse were 
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capable of enduring for ten minutes a temperature 
of 370°. 

The same gentlemen who performed the experi- 
ments above described ventured to expose them- 
selves to still higher temperatures. Sir Charles 
Blagden went into a room where the heat was 1° or 
S° ^ve 260°, and remained eight minutes in this 
situation, frequently walking alx)ut to all the dif- 
ferent parts of the room, but standing still most of 
the time in the coolest spot, where the heat was 
above 240°. The air, though very hot, gave no pain, 
and Sir Charles and all the other gentlemen were 
of opinion that they could support a much greater 
heat. During seven minutes. Sir C. Blagden's 
breathing continued perfectly good, but after that 
time he felt an oppression in his lungs, with a sense 
of anxiety, which induced him to leave the room. 
His pulse was then 144, double its ordinary quick- 
ness. In order to prove that there was no mistake 
respecting the degree of heat indicated by the ther- 
mometer, and that the air which they breathed was 
capable of producing all the well-known effects of 
such a heat on inanimate matter, they placed some 
eggs and a beef-steak upon a tin mime near the 
thermometer, but more distant from the furnace 
than from the wall of the room. In the space of 
twenty minutes the eggs were roasted quite hard, 
and in forty-seven minutes the steak was not only 
dressed, but almost dry. Another beef-steak, simi- 
larly placed, was rather overdone in thirty-tluree 
minutes. In the evening, when the heat was still 
more elevated, a third beef-steak was laid in the 
same place, and as they had noticed that the effect 
of the hot air was greatly increased by putting it in 
motion, they blew upon the steak with a pair of 
bellows, and thus hastened the dressing of it to such 
a degree, that the greatest portion of it was found 
to be pretty well done in thirteen minutes. 
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Our distinguished countrjmian Mr. Chantry has 
very recently exposed himself to a temperature still 
)iigher than any which we have mentioned. The 
furnace which he employs for drying his moulds is 
about 14 feet long, 12 feet high, and 12 feet broad. 
When it is raised to its highest temperature, with 
the doors closed, the thermometer stands at 350^, 
and the iron floor is red-hot. The workmen often 
enter it at a temperature of 340°, walking over the 
iron floor with wooden clogs, which are of course 
charred on the surface. On one occasion Mr. 
Chantry, accompanied by Ave or six of his friends, 
entered the furnace, and, after remaining two min- 
utes, they brought out a thermometer which stood 
at 380**. Some of the party experienced sharp pains 
in the tips of their ears, and in the septum of the 
nose, while others felCa pain in their eyes. 



LETTER Xm 

flpontaneont Combimtion : in the Absorption of Air by powdered Char* 
cmU, and of Hydrogen by spongy Platinum—DobereineT's Lamp- 
Spontaneous Combustion in the Bowels or the Earth— Burning Clittk 
— Earning Soil— Combnst ion without Flame- SponianeouM Comhus-^ 
tkm of Human Beings— Countess Zangari— Grace Pett— Natural Fire 
Temples of the Guebres— Spontaneous Fires in the Caspian Sea- 
Springs of inflammable Gas near Glasgow— Natural Lighthouse of 
Iffaracaibo— New elastic Fluids in the Cavities of Gems— Chymical 
Operation going on in their Cavities— Explosions produced in them by 
Heat— Remarkable Changes of Colour from chymical Cauxee — Effects 
of the Nitrous Oxide or Paradise Gas when breathed— Remarkable 
described — Conclusion. 



Among the wonderful phenomena which chymistry 
presents to us, there are few more remarkable than 
those of spontaneous combustion, in which bodies 
both animate and inanimate emit flames, and are 
sometimes entirely consumed by internal Are. One 
Of the commonest experiments in chymistry is that 

Aa2 
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of producing inflammation by mixing two fluids per- 
fectly cold. Becker, we believe, was the first per- 
son who discovered that this sii^^ar eflect was 
produced by mixing oil of vitriol with oil of turpen- 
tine. Borrichios showed that aquafortis produced 
the same efliect as oil of vitriol. Tournefort proved 
that spirit of nitre and oil of sassafras took fire 
when mixed; and Homberg discovered that the 
same property was possessed by many volatile oils 
when mixed with spirit of nitre. 

Every person is familiar with the phenomena of 
heat and combustion produced by fermentation. 
Ricks of hay and stacks of corn have been fre- 
quently consumed by the heat generated during the 
fermentation produced from moisture; and gun- 
powder magazines, barns, and paper-mills have been 
often burnt by the fermentation of the materials 
which they contained. Galen informs us that the 
dung of a pigeon is sufficient to set fire to a house, 
and he assures us that he has often seen it take fire 
when it had become rotten. Casati likewise re- 
lates, on good authority, that the fire which consumed 
the great church of Pisa was occasioned by the 
dung of pigeons that had for centuries built their 
neste under its roof. 

Among the substances subject to spontaneous 
combustion, pulverized or finely powdered charcoal 
is one of the most remarkable. During the last thirty 
years no fewer thaii four cases of the spontaneous 
mflammation of powdered charcoal have taken place 
in France. When charcoal is triturated in tuns with 
bronze bruisers, it is reduced into the state of the 
finest powder. In this condition it has the appear-- 
ance of an unctuous fluid, and it occupies a space 
three times less than it does in rods of about six 
inches long. In this state of extreme divisietn H 
absorbs air much more readily than it does when in 
rods. This absorption, which is so slow aa to re- 
quire several days for its comfdetion, is accompwiM 
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with a disengagement of heat, which nses from 340^ 
to 860° nearly of Fahrenheit, and which is the true 
cause of the spontaneous inflammation. The in- 
flammation commences near the centre of the mass, 
at the depth of five or six inches beneath its surface, 
and at this spot the temperature is always higher 
than at any other. Black charcoal strongly distiUed 
heats and inflames more easily than the orange, or 
that which is little distilled, or than the charcoal 
made in boilers. The most inflammable charcoal 
must have a mass of at least 661bs. avoirdupois, in 
order that it may be susceptible of spontaneous in- 
flammation. With the other less inflammable va- 
rieties the inflanmiation takes place only in larger 
masses. 

The inflammation of powdered charcoal is more 
active in proportion to the shortness of the uiterval 
between its carbonization and trituration. The free 
admission of air to the surface of the charcoal is 
also indispensable to its spontaneous combustion. 

Colonel Aubert, to whom we owe these interest- 
ing results, likewise found that when sulphur and 
saltpetre are added to the charcoal it loses its power 
of inflaming spontaneously. But as there is stUl an 
absorption of air and a generation of heat, he is 
of opinion that it would not be prudent to leave 
these mixtures in too large masses after tritura- 
tion.* 

A species of spontaneous combustion, perfectly 
analogous to that now described, but produced almost 
instantaneousl>r, was discovered by Professor Dobe- 
reiner of Jena in 1824. He found that when a jet 
of hydrogen gas was throvm upon recently prepared 
spongy platinum, the metal became almost instantly 
red-hot, and set fire to the gas. In this case the 
minutely divided platinum acted upon the hydrogen 
^p» in the same manner as the minutely divided 
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clmcoal acted upon common air. Heat and com* 
bustion were produced by the absorption of both 
gases, thouffh m the one case the effect was instan- 
taneous, and in the other was the result of a pro- 
loujB^ed absorption. 

This beautiful property of spongy platinum was 
happily applied to the construction of lamps for 
jvoducing an instantaneous light. The form given 
to the lamp by Mr. Garden of London is shown 
in the annexed figure, where AB is a globe of 

Fig, 73. 




slass, fitting tightly into another glass globe CD 
by a ^und shoulder mn. The ^obe AB termi- 
nates m a hollow tapering neck mnop, on the lower 
end of which is placed a small cylinder of zinc m. 
▲ brass tube abc u fitted at a into the neck of the 
glebe CD, and through this tube, which is ftmished 
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with a stop-code d, the gas can escape at the small 
aperture c. A brass pin cf, carrying a brass box P, 
is made to slide through a hole A, so that the brass 
box P, in which the spongy platinum is placed, can 
be set at any required distance from the aperture c. 
If sulphuric acid diluted with an equal quantity of 
water is now poured into the vessel AB by its 
mouth at S, now closed with a stopper, the fluid will 
descend through the tube mnop, and if the cock d 
is shut, it will compress the air contained in CD. 
The dilute acid thus introduced into CD will act 
upon the ring of zinc op, and generate hydrogen 
gOB ; which, after the atmospheric air in CD is let 
oS, will gradually fill the vessel CD, the diluted acid 
being forced up the tube opmn into the glass globe 
AB, The ring of zinc op floats on a piece of cork, 
so that when CD is fuU of hydrogen, the diluted 
acid does not touch the zinc, and consequently is 
prevented from producing any more gas. The in- 
stant, however, that any gas is let off at c, the pres- 
sure of the fluid in the globe AB, and tube mnop, 
overcomes the elasticity of the remaining gas in 
CD, ajid forces the diluted acid up to the zinc op, so 
as to enable it to produce more gas to supply what 
has been used. 

The lamp being supplied with hydrogen in the 
manner now described, it is used m the following 
manner : The spongy platinum in P being brought 
near c, the cock d is turned, and the gas is thrown 
upon the platinum. An intense heat is immediately 

Eroduced, the platinum becomes red-hot, and the 
ydrogen inflames. A taper is then lighted at the 
flame, and the cock d is shut. Professor Cumming 
of Cambridge found it necessary to cover up the 
platinum with a cap after every experiment. This 
W|[enious chymtst likewise found, that with platinum 
foil the OOOOth part of an inch thick kept in a close 
ixSbe, the hydrogen was inflamed; but when the 
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foil was only the 6(K)0th of an inch thick, it was 
necessary to raise it previously to a red heat. 

Spontaneous combustion is a phenomenon which 
occurs very frequently and often to a great extent 
within the bowels of the earth. The heat by which 
it is occasioned is produced by the decomposition 
of mineral bodies, and other causes. This heat in- 
creases in intensity till it is capable of melting the 
solid materials which are exposed to it. Gases and 
aqueous vapours of powerful elasticity are generated, 
new fluids of expansive energy imprison^ in cavi- 
ties under great pressure are set free, and these 
tremendous agents, acting under the repressing 
forces of the superincumbent strata, exhibit their 
power in desolating earthquakes ; or, forcing their 
way through the superficial crust of the globe, they 
waste their fury in volcanic eruptions. 

When the phenomena of spontaneous combustion 
take place near the surface of the earth their effects 
are of a less dangerous character, though they fre- 
quently give birth to permanent conflagrations, 
which no power can extinguish. An example of 
this milder species of spontaneous combustion has 
been recently exhibited in the burning cliff at Wey- 
mouth ; and a still more interesting one exists at 
this moment near the village of Bradley, in Stafford- 
shire. The earth is here on fire, and this fire has 
continued for nearly sixty years, and has resisted 
every attempt that has been made to extingui^ it. 
This fire, which has reduced many acres of land to 
a mere calx, arises from a burning stratum of c<^ 
about four feet thick and eight or ten yards deep, 
to which the air has free access, in consequence of 
the main coal having been dug from beneath it. The 
surface of the ground is sometimes covered for 
many yards with such quantities of sulphur that it 
can be easily gathered. The calx has been found to 
be an excellent material for the roads, and the wcnk* 
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men who collect it often find large beds of alum of 
an excellent quality. 

A singular species of invisible combustion, or of 
combustion without flame, has been frequently no- 
ticed. I have observed this phenomenon in the 
small green wax tapers in common use. When the 
flame is blown out, the wick will continue red-hot 
for many hours ; and if the taper were regularly and 
carefully uncoiled, and the room kept free from 
currents of air, the wick would bum on in this way 
till the whole of the taper is consumed. The same 
effects are not produced when the colour of the 
wax is red. In this experiment the wick, after the 
flame is blown out, has sufficient heat to convert 
the wax into vapour, and this vapour, being consumed 
without flame, keeps the wick at its red heat. A 
very disagreeable vapour is produced during this 
imperfect combustion of the wax. 

Prof Dobereiner of Jena observed that when the 
alcohol in a spirit -of-wine lamp was nearly ex- 
hausted, the wick became carbonized, and though 
the flame disappeared the carbonized part of the 
wick became red-hot, and continued so while a 
drop of alcohol remained, and provided the air in the 
room was undisturbed. On one occasion the wick 
continued red-hot for twenty-four hours, and a very 
disagreeable acid vapour was formed. 

On these principles depend the lamp without flame, 
which was originally constructed by Mr. Ellis. It 
is shown in the annexed figure, where AB is the 
lamp, and h a cylindrical coil of platinum wire, the 
hundredth part of an inch in diameter. This spiral 
is so placed that four or five of the twelve coils of 
which the cylinder consists are upon the wick, and 
the other seven or eight above it. If the lamp is 
lighted, and continues burning tiU the cylindrical 
coil is red-hot, then if the flame is blown out, the 
vapour which arises from the alcohol will by its 
combuBtion ke^the coils above ^e vHok red^!hfl^ 
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and this red heat will in its turn keep m> the Tapcnr* 
ization of the alcohol till the whole of the alcohol 
is c<Misumed. The heat of the wire is always luf- 

^. 74. 




fkient to kindle a piece of German fungiv or salt- 
I>etre paper, so that a sulphur match may at any 
time be lighted. Mr. Gill found that a wick com- 
posed of twelve threads of the cotton yam com- 
monly used for lamps will require half an ounce cmT 
alcohol to keep the wire red-hot for eight hoinrs. 
This lamp has been kept burning for sixty hours ; 
but it can scarcely be recommended for a bed-room, 
as an acid vapour is disengaged during the burning 
of the alcohol. When perfumes are dissolved m 
the alcohol, they are diffused through the apart- 
ment during the slow combustion of the viqxMsr. 

A species of combustion without flame, and anal- 
ogous to that which has been described, is exhibited 
in the extraordinary phenomenon of the spontaneous 
combustion of Uvin^ bodies. That animal bodies 
are liable to internal combustion is a fact which 
was well known to the ancients. Many cases which 
have been adduced as examples of spontaneous com- 
bustion are merely cases of individuals who were 
highly susceptible of strong electrical excitation. 
In one of these cases, however, Peter Bovisteau 
asserts, that the sparks of fire thus produced reduced 
to ashes the hair of a young man; and John De 
Viana infonns \tt, that thA wife of Dr. Freilas, |)hy. 
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sician to the Cardinal de Royas, Archbishop of 
Toledo, emitted by perspiration an inflammable mat- 
ter of such a nature, that when the riband which she 
wore over her shift ^yas taken from her, and exposed 
to the cold air, it instantly took fire, and shot forth like 
grains of gunpowder. Peter Borelli has recorded a 
fact of the very- same kind respecting a peasant 
whose linen took fire, whether it was laid up in a 
box when wet, or hung up in the open air. The 
same author speaks of a woman who, when at the 
point of death, vomited flames ; and Thomas Bar- 
tholin mentions this phenomenon as having often 
happened to persons who were great drinkers of 
wine or brandy. Ezekiel de Castro mentions the 
singular case of Alexandrinus Megeteus, a physician, 
from one of whose vertebrae there issued a fire which 
scorched the eyes of the beholders ; and Krantzius 
relates, that during the wars of Godfrey of Boulogne, 
certain people of the territory of Niverswere burn- 
ing with invisible fire, and that some of them cut 
off a foot or a hand where the burning began, in 
order to arrest the calamity. Nor have these efiects 
been confined to man. In the time of the Roman 
consuls Gracchus and Juventius, a flame is said to 
have issued from the mouth of a bull without doing 
any injury to the animal. 

The reader will judge of the degree of credit which 
may belong to these narrations when he examines 
the effects of a similar kind which have taken place 
in less fabulous ages, and nearer our own times. 
John Henry Cohausen informs us, that a Polish 
gentleman m the time of .the Queen Bona Sforza, 
having drunk two dishes of a liquor called brandy- 
wine, vomited flames, and was burned by them ; and 
Thomas Bartholin* thus describes a similar accident : 
" A poor woman at Paris .used to drink spirit of wine 
plentifully for the space of three years, so as to take 

* Afita MedicA et Phlloaophica HftfhieDsia, 1871. 

Bb 



390 LETTERS ON NATURAL KAGIC. 

nothing else. Her body contracted such a combos- 
tible disposition, that one night, when she lay down 
on a straw couch, she was all burned to ashes except 
her scull and the extremities of her fingers." John 
Christ. Sturmius informs us in the German Epheme- 
rides, that in the northern countries of Europe flames 
often evaporate from the stomachs of those who are 
addicted to the drinking of strong liquors ; and he 
adds, " that seventeen years before, three noblemen 
of Courland drank by emulation strong liquors, and 
two of them died scorched and suffocated by a flame 
which issued from their stomach." 

One of the most remarkable cases of spontane- 
ous combustion is that of the Countess Cornelia 
Zangari and Bandi of Cesena, which has been min- 
utely described by the Reverend Joseph Bianchini, 
a prebend in the city of Verona. This lady, who 
was in the sixty-second year of her age, retired to 
bed in her usual health. Here she spent above 
three hours in familiar conversation with her maid 
and in saying her prayers ; and having at last fallen 
asleep, the door of her chamber was shut As her 
maid was not summoned at the usual hour, she 
went into the bed-room to wake her mistress ; but 
receiving no answer, she opened the window, and 
saw her corpse on the floor in the most dreadful 
condition. At the distance of four feet from the 
bed there was -a heap of ashes. Her legs, with 
the stockings on, remained untouched, and the 
head, half-burned, lay between them. Nearly all 
the rest of the body was reduced to ashes. The 
air in the room was charged with floating soot. A 
small oil lamp on the floor was covered with ashes, 
but had no oil in it ; and in two candlesticks, which 
stood upright upon a table, the cotton wick of both 
the candles was left, and the tallow of both had 
disappeared. The bed was not injured, and the 
blankets and sheets were raised on one side, as if a 
person had risen up from it. From an examination 
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of all the circumstances of this case, it has been 
generally supposed that an internal combustion had 
taken {dace ; that the lady had risen from her bed 
to cool herself, and that in her way to open the 
window, the combustion had overpowered her, and 
consumed her body by a process in which no flame 
was produced which coula set fire to the furniture 
or the floor. The Marquis Scipio Maffei was in- 
formec^ by an Italian nobleman who passed through 
Cesena a few days after this event, that he heard it 
stated in that town, that the Countess Zangari was 
in the habit, when she felt herself indisposed, of 
washing all her body with camphorated spirit of 
wine. 

So recently as 1744 a similar example of sponta- 
neous combustion occurred in our own country at 
Ipswich. A fisherman's wife of the name of Grace 
Pett, of the parish of St. Clement's, had been in the 
habit for several years of going down stairs every 
night after she was half-imdressed to smoke a pipe. 
She did this on the evening of the 9th of April, 1744. 
Her daughter, who lay in the same bed with her, 
had fallen asleep, and did not miss her mother till 
she awaked early in the morning. Upon dress- 
ing herself, and going down stairs, she foimd her 
mother's body lying on the right side, with her head 
against the grate, and extended over the hearth 
with her legs on the deal floor, and appearing like a 
block of wood burning with a glowing fire without 
flame. Upon quenching the fire with two bowls of 
water, the neighbours, whom the cries of the daughter 
had brought in, were almost stifled with the smell. 
The trunk of the unfortunate woman was almost 
burned to ashes, and appeared like a heap of char- 
coal covered with white ashes. The head, arms, 
legs, and thighs were also much bunded. There 
was no fire whatever in the grate, and the candle 
was burned out in the socket of the candlestick, 
which stood by her. The clothes of a child on one 
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side of her, and a paper screen on the other, were 
untouched ; and the deal floor was neither singed nor 
discoloured. It was said that the woman had dnmk 
plentifully of gin overnight, in welcoming a daughter 
who had recently returned from Gibraltar. 

Among the phenomena of the natural world which 
are related to those of spontaneous combustion are 
what have been called the natural fire temples of 
the Guebres, and the igneous phenomena which 
are seen in their vicinity. The ancient sect of the 
Guebres or Parsees, distinguished from all other 
sects as the worshippers of fire, had their origin in 
Persia; but, being scattered by persecution, they 
sought an asylum on the shores of India. Those 
who refused to expatriate themselves continued to 
inhabit the shores of the Caspian Sea, and tiie cities 
of Ispahan, Yezd, and Kerman. Their great fire 
temple called Attush Kudda stands in the vicinity 
of Badku, one of the largest and most commodious 
ports in the Caspian. In the neighbourhood of this 
town the earth is impregnated with naphtha, an in- 
flammable mineral oil, and the inhabitants have no 
other fuel, and no other light, but what is derived 
from this substance. 

The remains of the ancient fire temples of the 
Geubrcs are still visible about ten miles to the north- 
east of the town. The temple in which the deity 
is worshipped under the form of fire is a space 
about thirty yards square, surrounded with a low 
wall, and containing many apartments. In each of 
these a small volcano of sulphureous fire issues 
from the ground, through a furnace or funnel in 
the shape of a Hindoo adtar. On closing the funnel 
the fire is instantly extinguished ; and by placing 
the ear at the aperture a hollow sound is heard, ac- 
companied with a strong current of cold air, which 
may be lighted at pleasure by holding to it any 
burning substance. The flame is of a pale clear 
colouri without any perceptible smoke, and emits a 
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Mghly sulphureous vapour, which impedes respira- 
tion, unless when the mouth is kept beneath the 
level of the furnace. This action on the lungs 
gives the Guebres a wan and emaciated appear- 
ance, and oppresses them with a hectic cough, which 
strangers also feel while breathing this insalubrious 
atmosphere. 

For about two miles in circumference round the 
principal fire, the whole ground, when scraped to 
the depth of two or three inches, has the singular 
property of being inflamed by a burning coal. lu 
this case, however, it does not communicate fire to 
the adjacent ground : but if the earth is dug up with 
a spade, and a torch brought near it, an extensive 
but instantaneous conflagration takes place, in which 
houses have often been destroyed, and the lives of 
the people exposed to imminent danger. 

When the sky is clear and the weather serene, 
the springs in their ebullition do not rise higher 
than two or three feet ; but in gloomy weather, and 
during the prevalence of stormy clouds, the springs 
are in a state of the greatest ebullition, and the 
naphtha, which often takes fire spontaneousl}r at the 
earth's surface, flows burning in great quantities to 
the sea, which is frequently covered with it, in a 
state of flame, to the distance of several leagues from 
the shore. 

Besides the fires in the temple, there is a large 
one which springs from a natural clifl' in an open 
situation, and which continually burns. The general 
space in which this volcanic fire is most abundant 
is somewhat less than a mile in circuit. It forms a 
low flat hill sloping to the sea, the soil of which is a 
sandy earth mixed with stones. Mr. Forster did 
not observe any violent eruption of flame in the 
country around the Attush Kudda ; but Kinneir in- 
forms us thai the whole country round Badku has at 
times the appearance of being enveloped in flames. 
"It often seems,'* he adds, "as if the fire rolled 
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lown from the mountains in large masses, and with' 
incredible velocity ; and during the clear moonshine 
nights of November and December, a bright blue 
light is observed at times to cover the whole western 
range. The lire does not consume, and if a person 
finds himself in the middle of it no warmth is felt." 

The inhabitants apply these natural fires to do- 
mestic purposes, by sinlong a hollow cane, or merely 
a tube of paper, about two inches in the ground, and 
by blowing upon a burning coal held near the orifice 
of the tube there issues a slight flame, which 
neither bums the cane nor the paper. By means 
of these canes or paper tubes, from which the fire 
issues, the inhabitants boil the water in their coffee 
urns, and even cook different articles of food. The 
flame is put out by merely plugging up the orifice. 
The same tubes are employed for illuminating houses 
that are not paved. The smell of naphtiSei is of 
course difliised through the house, but after any 
person is accustomed to it, it ceases to be disagree- 
able. The inhabitants also employ this natural fire 
in calcining lime. The quantity of naphtha pro- 
cured in the plain to the south-east or Bacfei is 
enormous. It is drawn from wells, some of which 
3deld from 1000 to 1500lbs. per day. As soon as 
these wells are emptied, they fill again till the naph- 
tha rises to its ori^nal level.* 

Inflammable gases issuing from the earth have 
been used both in the old and in the new world for 
domestic purposes. In the salt mine of Gottesgabe 
at Rheims, in the county of Fecklenburg, there is a 
pit called the Pit of the Wind, from which a constant 
current of inflammable gas has issued for sixty 
years. M. Roeder, the inspector of the mines, has 
used this gas for two years, not only as a light^ but 
for all the purposes of domestic economy. In the 
pits which are not worked, he collects the gas, and 

* Sm Fonter^l Trtvelt, and Klnneir*! QMf . MmmU* 
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conveys it in tubes to his house. It bums with a 
white and brilliant flame, has a density of about 0.66, 
and contains traces of carbonic acid gas and sul* 
phuretted hydrogen.* 

Near the village of Fredonia, in North America, 
on the shores of Lake Erie, are a number of burn- 
ing springs, as they are called. The inflammable 
gas which issues from these springs is conveyed in 
pipes to the village, which is actually hghted by 

them.f 

In the year 1828, a copious spring of inflammable 
gas was discovered in Scotland in the bed of a rivu- 
let which crosses the north road between Glasgow 
and Edinburgh, a little to the east of the seventh 
mile-st^e from Glasgow, and only a few hundred 
3rards from the house of Bedlay. The gas is said to 
issue for more than half a mile along the banks of 
the rivulet. Dr. Thomson, who has analyzed the 
gas, saw it issuing only within a space about fifty 
yards in length, and about half as much m breadth. 
*^ The emission of gas was visible in a good many 
places along the dechvity to the rivulet in the imme- 
diate neighbourhood of a small farm-house. The 
farmer h^ set the gas on fire in one place about a 
yard square, out of which a great many small jets 
were issuing. It had burnt without interruption 
during five weeks, and the soil (which was clay) 
had assumed the appearance of pounded brick all 
around. 

" The flame was yellow and strong, and resembled 
perfectly the appearance which carhuretted hydrogen 
gas or fire-damp presents when burnt in dayli^t. 
But the greatest issue of gas was in the rivulet itself, 
distant about twenty yards from the place where 
the gas was burning. The rivulet when I visited 
the place was swollen and muddy, so as to prevent 
its bottom from being seen. But the gas issued up 

•BdintairiliJtanua or Science, No. XT. ip.l6t. \ ikO. 
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through it in one place with great riolencey as if it 
had been in a state of compression under the sur* 
Ihce of the earth ; and the thickness of the jet could 
not be less than two or three inches in diameter. 
We set the gas on fire as it issued through tiie 
water. It bunit for some time with a good deal of 
splendour ; but as the rivulet was swollen, and rush- 
ing along with great impetuosity, the regularity of 
the issue was necessarily disturbed, and the gas was 
extinguished." Dr. Thomson found this gas to con- 
sist of hoo volumes of hydrogen gas and one yolmne 
of vapour of carbon ; and as its specific gravity was 
0.555, and as it issues in great abundtuice, he re- 
marks that it might be used for filling air-balloons. 
^ Were we assur<^," he adds, " that it would con- 
tinue to issue in as great abundance as at present, 
it might be employed in lighting the streets of 
Glasgow."* 

A very curious natural phenomenon, called the 
Lantern or Natural Lighthouse of Maracaibo, has 
been witnessed in South America. A bright liffht is 
seen every night on a mountainous and uninhwited 
spot on the banks of the river Catatumbo, near its 
Junction with the Sulla. It is easily distinguished 
at a greater distance than forty leases, and as it is 
nearly in the meridian of the opening of the Lake 
of Maracaibo, navigators are guided by it as by a 
lighthouse. This phenomenon is not only seen 
fi^m the seacoast, but also from the interior of the 
country, — at Merida, for example, where M. Palacios 
observed it for two years. Some persons have as- 
cribed this remarkable phenomenon to a thunder- 
storm, or to electrical explosions, which mieht take 
place daUy in a pass in the mountains ; and it has 
even been asserted that the rolling of thunder is 
heard by those who approach the spot. Others 
wapipoue it to be an air volcano, like those on the 

• Kdifibiiili JowBiI of Scteiiee.No. i. fUm Mmlm, p. Tl-m 
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Caspian Sea, and that it is caused by asphaltic soils, 
like those of Mena. It is more probable, however, 
that it is a sort of carburetted hydrogen, bs hydrogen 
gas is disengaged from the ground in the same dis- 
trict.* 

Grand as the chymical operations are which are 
going on in the great laboratory of Nature, and 
alarming as their effects appear when they are dis- 
played in the terrors of the earthquake and the vol- 
cano, yet they are not more wonderful to the phi- 
losopher than the minute though analogous opera- 
tions which are often at work near our own persons, 
unseen and unheeded. It is not merely in the 
bowels of the earth that highly expansive elements 
are imprisoned and restrained, and occasionally 
called into tremendous action by the excitation of 
heat. and other causes. Fluids and vapours of a 
similar character exist in the very gems and precious 
stones which science has contributed to luxury and 
to the arts. 

In examining with the microscope the structure 
of mineral bodies, I discovered in the interior of 
many of the gems thousands of cavities of various 
forms and sizes. Some had the shape of hollow 
and regularly formed crystals ; others possessed the 
most irregular outline, and consisted of many cavi- 
ties and branches united vdthout order, but all com- 
municating with each other. These cavities some- 
times occurred singly, but most frequently in groups, 
forming strata of cavities at one time perfectly flat 
and at another time curved. Several such strata 
were often found in the same specimen, sometimes 
parallel to each other, at other times inclined, and 
forming all varieties of angles with the faces of the 
originsd crystal. 

These cavities, which occurred in sapphire, chryso- 
betyl, topaz, beryl, quartz, amethyst, peridot, and other 

* HomboMt's Personal Narratire, vol. iv. p. 254, note. 
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mbaUocea, were sometimea sufficiently lai^ to be ' ' 
distinctly seen by the naked eye, but moat b»- 
quently they were eo small as to reqaire a high 
magni^ring powei to be well seen, and often they 
were so exceedingly minute that the highest mag- 
nifying powers weie unable to exhitHt their out- 
line. 

The greater number of these canties, whether 
lafge or small, contain two new fluids different from 
any hitherto known, and possessing .remarkable 
pineal [Hroperties. These two fluid* are in gen- 
enl perfectly transparent and colouilesa, and they 
exist in the same cavity in actual contact, without 
mixing together in the slightest degree. Ctaie of 
^em expands thirty times more than water, and M 
t temperature of about 80° of Fahrenheit it expands 
•o aa to fill up the vacuity in the caviW. "Hiis will 
be understood (torn the annexed ^gore, where 

Fig. 75. 




AfiCD is the cavity, mnpo the highly ezpaasibla 
fluid in which at low temrieratnres there is always 
a vacuity V, like an air-bubble iu common floiOB, 



^iplied to the specimen, the vacuity V gradoslly 
contracts in size, and whoUy vanishes at a tempera- 
ture of about 80°, as shown in Fig. 7a. The fluids 
are shaded, as in these two figures, when they are 
seen by light reflected from their surfaces. 
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Fig. 18. 




Whea tbe cavities are lai^, as in Fi^. 77, coid- 
pared with the quaiitit]r of expansible fluid mnpa, 
tbe heat converts the fluid into vapour, an effect 



which is ahown by the circular cavity V becom- 
ing larger and lai^er till it fills the whole space 

WTien any of these cavities, whether they ar« 
filled with fluid or with vapour, is allowed to cool, 
the vacuiW V leappeaxB at a. certain temperature. 
In the fluid cavities the fluid contracts, and the small 
vacuity appears, which grows larger and larger till 
it resumes its original size. When the cavities ar« 
large several smtSl vacuities make their E^jpearance 
and gradually unite into one, though they sometimes 
remain separate. In deep cavities a veijr runarkc 
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able phenomenon accompanies the reappearance of 
the vacuity. At the instant that the fluid has ac- 
quired the temperature at which it quits the sides 
of the cavity, an effervescence or rapid ebullition 
takes place, and the transparent cavity is for a mo- 
ment opaque, with an infinite number of minute 
vacuities, which instantly unite into one, that goes 
on enlarging as the temperature diminishes. In the 
vapour cavities the vapour is reconverted by the 
cold into fluid, and the vacuity V, Fig. 77, graduaUy 
contracts till aU the vapour has been precipitated. 
It is curious to observe, when a great number of 
cavities are seen at once in the field of the micro- 
scope, that the vacuities all disappear and reappear 
at the same instant. 

While all these changes are going on in the ex- 
pansible fluid, the other denser fluid at A and C, 
Fig. 75, 76, remains unchanged either in its form 
or maffnitude. On this account I experienced con- 
siderable difiiculty in proving that it was a fluid. 
The improbabiUty of two fluids existing in a trans- 
parent state in absolute contact, without mixing in 
the slightest degree or acting upon each other, in- 
duced many persons to whom I showed the phe- 
nomenon to consider the lines, mn, op, Fig. 75, 76, 
as a partition in the cavity, or the spaces Amn, 
Cop, either as filled with solid matter, or as comers 
into which the expanding fluid would not penetrate. 
The regular curvature, however, of the boundary 
line mnop, and other facts, rendered these supposi- 
tions untenable. 

This difiiculty was at last entirely removed by 
the discovery of a cavity of the form shown in the 
annexed figure, where A, B, and C are three por- 
tions of the expansible fluid separated by the inter- 
position of the second fluid DEF. The first por- 
tion A of the expansible fluid had four vacuities 
V, X, Y, Z, while the other two portions B, 0, had 
no yacuity. In order to determine if thj9 vaoiitiM 
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of the portions B, C, had passed over to A, I took 
an accurate drawing of the appearance at a tem- 
perature of 50^, as shown in the figure, and I watched 

Pi^. 78. 




the changes which took place in raising the tem- 
perature to 83**. The portion A gradually expanded 
itself till it filled up all the four vacuities V, X, Y, 
and Z ; but as the vacuities B, C, had no vacuities, 
they coidd expand themselves only by pushing back 
the supposed second fluid DEP. This effect actually 
took place. The dense fluid quitted the side of the 
cavity at F. The two portions B, C, of the expan- 
sible fluid instantly united, and the dense fluid having 
retreated to the limit mnno, its other limit advanced 
to ;)^r, thus proving it to be a real fluid. This ex- 
periment, which I have often shown to others, in- 
volves one of those rare combinations of circum- 
stances which nature sometimes presents to us iu 
order to illustrate her most mysterious operations. 
Had the portions B, C, been accompanied, as is 
usual, with their vacuities, the interposed fluid would 
have remained immoveable between the two equal 
and opposite expansions ; but owing to the accidental 
circumstance of these vacuities having passed over 
into the other branch A of the cavity, the fluid yielded 
to the difference of the expansive forces between 
which it lay, and thus exhibited its fluid character 
to the eye. 

C c 
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When we examine these cavitioB narrowlf , we 
Jlnd that they are actually little laboratoriea, m 
which chymical operatiooB are constantly goin^ on, 
and beautiful optical phenomena continuallv dis- 
^ying themselves. Let ABDC, for example, bs 

Fig. 79. 




the BUDimit of a ciyBtallized cavity in topaz, SS 
representing the dense, NN the expansible fluid, 
bounded by a circular line abed, and VT the va- 
coitv in the new fluid, bounded by the circle efgA. 
If the face ABDC is placed under a compound 
microscope, so that light may be reflected at an 
angle less than that of total rellection, anA if the 
observer now looks through the microscope, the tem- 
perature of the room being 50°, he will see the second 
Snid 88 shining with a very feeble reflected light. 



hrilliancv. The boundaries abed, efgk, are maAed 
by a well defined outline, and also oy the concra- 
trie coloured rings of thin plates produced hv 
the extreme thinness of each of the fluids at their 



^, 



the temperatore of the room is raited shn^ 
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to 58^, a brown spot will appear at x in the centre 
of the vacuity VV. This spot indicates the com- 
mencement of evaporation from the expansible fluid 
below, and arises from the partial precipitation of 
the vapour in the roof of the cavity. As the heat 
increases the brown spot enlarges and becomes 
very dark. It is then succeeded by a white spot, 
and one or more coloured rings rise in the centre 
of the vacuity. The vapour theri seems to form a 
drop, and all the rings disappear by retiring to the 
centre, but only to reappear with new lustre. 
During the application of heat, the circle of efgh 
contracts and dilates like the pupil of the eye. 
When the vaporization is so feeble as to produce 
only a single ring of one or two tints of the second 
order, they vanish instantly by breathing upon the 
crystal, but when the slight heat of the breath 
reaches the fluid, it throws ofi* fresh vapour, and the 
rings again appear. 

If a drop of ether is put upon the crystal when 
the rings are in a state of rapid play, the cold pro- 
duced by its evaporation causes them to disappear, 
tiU the temperature again rises. When the tem- 
I>erature is perfectly uniform, the rings are sta- 
tionary, as shown between V and Y in Fig. 79 ; and 
it is interesting to observe the first ring produced 
by the vapour swelling out to meet the first ring tit 
the marnn of the fluid, and sometimes coming so 
near it that the darkest parts of both form a broad 
black band. As the heat increases, the vacuity VV 
diminishes and disappears at 79^, exhibiting many 
curious phenomena, which we have not room to 
describe. 

Having fallen upon a method of opening the cavi- 
ties, and looking at the fluids, I was able to examine 
their properties with more attention. When the 
expansible fluid first rises from the cavity upon the 
surface of the topaz, it neither remains still like 
the fixed oils, nor disappears like evaporated fluids. 
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Under the influence, no doubt, of heat and moiitiir* 
it is in a state of constant motion, now spreading 
itself on a thin plate over a large surface, and now 
coatracting itself into a deeper and much less ex- 
tended drop. These contractions and extensions 
are markea by very beautiful optic^ phenomena. 
When the fluid has stretched itself out into a thin 
plate, it ceases to reflect light like the thinnest part 
of the soap-bubble, and when it is again accumulated 
into a thicker drop, it is covered with the coloured 
rings of thin plates. 

After performing these motions, which sometimes 
last for ten minutes, the fluid suddenly disappears, 
and leaves behind it a sort of granular residue. 
When examining this with a single microscope, it 
again started into a fluid state, and extended and con- 
tracted itself as before. This was owing to the hu- 
midity of the hand which held the microscope, and 
I have been able to restore by moisture the fluMity 
of these grains twenty days after they were fonned 
from the fluid. This portion was shown to the Rev- 
erend Dr. Fleming, who remarked, that had he o|^ 
served it accidentally, he would have ascribed its 
apparent vitality to the movements of some of the 
aumals of the genus Planaria. 

After the cavity has remained open for a dav or 
two, the dense fluid comes out and quiokly hazaeiis 
into a transparent and yellowish resinoas-lookin^ 
substance, which absorbs moisture, though with less 
avidity than the other. It is not volatili^ by heat, 
and is insoluble in water and alcohol It readily 
dissolves, however, with effervescence ia the sql- 
phuric, nitric, and muriatic acids. The residue of 
the expansible fluid is volatilized by heat, and is 
dissolved, but without effervescence, in the above- 
mentioned acids. The refractive power of the dense 
fluid is about 1.S05, and of the expansible one I.131. 

The particles of the dense fluid have a very pow- 
erful attraction for each other and for the mipanl 
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tehich contains them, while those of the expansible 
Ihiid have a very slight attraction for one another, 
and also for the substance of the mineral. Hence 
the two f uids never mix, the dense fluid being at- 
tracted to the angles of angular cavities, or fiUinji^ 
the narrow necks by which two cavities commum- 
cate. The expansible fluid, on the other hand, fills 
the wide parts of the cavities, and in deep and round 
cavities it lies above the dense fluid. 

When the dense fluid occupies the necks which 
join two cavities, it performs the singular function 
of a fluid valve, opening and shutting itself accord- 
ing to the expansions or contractions of the other 
fluid. The fluid valves thus exhibited in action may 
suggest some useful hints to the mechanic and the 
philosopher, while they afford ground of curious 
speculation in reference to the functions of animal 
and vegetable bodies. In the larger organizations 
of ordmary animals, where gravity must in general 
overpower, or at least modify, the influence of ca- 
pillary attraction, such a mechanism is neither ne- 
cessary nor appropriate ; but, in the lesser functions 
of the same animals, and in almost all the micro- 
scopic structures of the lower world, where the force 
of gravity is entirely subjected to the more powerful 
energy of capillary forces, it is extremely probable 
that the mechanism of immiscible fluids and fluid 
valves is generally adopted. 

In several cavities in minerals I have found crys- 
tallized .and other bodies, sometimes transparent 
crystals, sometimes black spicular crystals, and 
sometimes black spheres, all of which are moveable 
within the cavity. In some cavities the two new 
fluids occur in an indurated state, and others I have 
found to be lined with a powdery matter. This last 
class of cavities occurred in topaz, and they were 
distinguished from aU others by the extraordinary 
beauty and 83rmmetry of their form. One of these 
cavities represented a finely ornamented sceptre, 

Cos 
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ud, what 18 still more singtilar, the diiTbrent parts 
of which it is composed lay in different planes. 

When the gem which contains the highly expan- 
•ive fluid is strong, and the cavity not near the surtace, 
heat may be appSied to it without danger, but in the 
course of my experiments on this subject, the min- 
eral has often burst with a tremendous explosion, 
and in one case wounded me on the brow. An ac- 
cident of the same kind occurred to a gentleman, 
who put a crystal into his mouth for the purpose of 
expanding the fluid. The specimen burst with great 
force and cut his mouth, and the fluid which was 
discharged from the cavity had a very disagreeable 
taste. 

In the gems which are peculiarly appropriated for 
female ornaments, cavities contaimng tne expansible 
fluid frequently occur, and if these cavities should 
happen to be very near the surface or the edge of the 
stone, the fever heat of the body might be sufficient 
to burst them with an alarming and even dangerous 
explosion. I have never heard of any such accident 
having occurred; but if it has, or if it ever shall 
occur, and if its naturally marvellous character shall 
be heightened by any calamitous results, the phe- 
nomena described in the preceding pages will strip 
it of its wonder. 

There are no facts in chymistry more interesting 
than those which relate to the changes of colour 
which are produced by the mixture of fluids, and to 
the creation of brilliant colours by the combination 
of bodies in which no colouring matter is visible. 
Feats of this kind are too common and too generally 
known to require to be noticed in a work uke this. 
The art of producing such changes was known to 
some of the early impostors, who endeavoured to 
obtain a miraculous sanction to their particular dog- 
mas. Marcos, the head of one of the sects that 
wished to engraft paganism upon Ohristiamty, is said 
to hgf9 fiUfiU three trtoipanmt gbMMv with white 
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wine, and while he prayed, the wiue in one of the 
glasses became red Uke blood, that in another became 
purple, and that in the third sky-blue. Such trans- 
formations present no difficulty to the ch3anist. 
There are several fluids, such as some of the col- 
oured juices of plants, which change their colour 
rapidly and without any additional ingredient ; and 
in other cases, there would be no difficulty in making 
additions to fluids, which should produce a change 
of colour at any required instant. 

A Yery remarkable experiment of an analogous 
nature has been publicly exhibited in modern times. 
Professor Beyruss, who lived at the court of the 
Duke of Brunswick, one day pronounced to his 
highness that the dress which he wore should during 
dinner become red ; and the change actually took 
place, to the astonishment of the prince and the rest 
of his guests. M. Vogel, who has recorded this cur 
rious fact, has not divulged tlie secret of the Ger- 
man chymist; but he observes, that if we pour 
lime-water into the juice of beet-root, we shall ob- 
tain a colourless liouid ; and that a piece of white 
cloth dipped in this liquid and dried rapidly will in a 
few hours become red by. the mere contact of air. 
M. Vogel is also of oxHuion that this singular effect 
would be accelerated in an apartment where cham» 
paign or other fluids charged with carbonic acid are 
poured out in abundance. 

Among the wonders of chymistry we must num- 
ber the remarkable effects produced upon the human 
frame by the inhalation o( paradise or intoxicating gasy 
as it has been called. This gas is known to chymists 
by the name of the nitrous oxide^ or the gaseous ox- 
ide of azote, or the protoxide of nitrogen. It differs 
from atmospheric air only in the proportion of its 
ingredients, atmospheric air being composed of 
twenty-seven parts of oxygen and seventy-three of 
nitrogen, while the nitrous oxide consists of thirty* 
Miviili parts of oxygen and sixty-seven of nitrogoi. 



308 LETTXR8 ON NATURAL MAGIC. 

The most convenient way of procuring the m is to 
expose nitrate of ammonia in a tubulated ^ass re- 
tort to the heat of an argand's lamp between 400° 
and 500° of Fahrenheit. The salt first melts ; bub- 
bles of gas begin to rise from the mass, and in a 
short time a brisk efiervescence takes place, which 
continues till all the salt has disappeared. The pro- 
ducts of this operation are the nitrous oxide and 
water, the watery vapnour being condensed in the 
neck of the retort, while the gas is received over 
water. The gas thus obtained is generally white, 
and hence, when it is to be used for the purposes of 
respiration, it should remain at least an hour over 
water, which wiU absorb the small quantity of acid 
and of nitrate of ammonia which adhere to it. A 
pound of the nitrate of ammonia will in this way 

S'eld five cubic feet of gas fit for the purpose of inha- 
tion. 

It was discovered by Sir Humphry Davy that this 
gas could be safely taken into the lungs, and that it 
was capable of supporting respiration for a few raia- 
utes. in making this experiment he was surprised 
to find that it produced a singular species of mtox- 
ication, which he thus describes : *' I breathed,^' says 
he, " three quarts of oxide from and into a silk bag 
for more than half a minute without previously 
closing my nose or exhausting my hrngs. The fiirst 
Inspiration caused a slight degree of giddiness. This 
was succeeded by an uncommon sense of fulness 
in the head, accompanied with loss of distinct sen- 
sation and voluntaiy power, a feeling analogous to 
that produced in the first stage of intoxication, but 
unattended by pleasurable sensations." In de- 
scribing the effects of another experiment, he says, 
" Having previously closed my nostrils and exhausted 
my lungs, I })reatned four Qu^urts of nitrous oxide 
from and into a silk bag. The first feelings were 
similar to those produced in the last experiment, but 
in less than half a minute, the respiration being coiv> 
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tinued, they diminished gradually, and were suc- 
ceeded by a highly pleasurable thrilling, particularly 
in the chest and the extremities. The objects around 
me became dazzling, and my hearing more acute. 
Towards the last respiration the thrilling increased, 
the sense of muscular power became greater, and at 
last an irresistible propensity to action was indulged 
in. I recollect but indistinctly what followed; I 
knew that my motions were varied and violent. 
These effects very rarely ceased after respiration. 
In ten minutes I had recovered my natural state of 
mind. The thrilling in the extremities continued 
longer than the other sensations. This experiment 
was made in the morning ; no languor nor exhaustion 
was consequent, my feelings through the day were 
as usual, and I passed the night in undisturbed 
repose." 

In giving an account of another experiment wil^ 
this gas, Sir Humphry thus describes his feelings : 
** Immediately after my return from a long journey, 
being fatigued, I respired nine quarts of nitrous 
oxide, having been precisely thirty-three days with- 
out breathing any. The feelings were different 
from those I had experienced on former experi- 
ments. After the first six or seven respirations, 
I gradually begBn to lose the perception of external 
things, and a vivid and intense recollection of some 
former experiments passed through my mind, so 
that I called out, * What an annoying concatenation 
of ideas.' " 

Another experiment made by the same distin- 
guished chymist was attended by still more remarkr 
able results. He was shut up in an air-tight breath- 
ing box, having a capacity of about nine and a half 
cubic feet, and he allowed himself to be habituated 
to the excitement of the gas, which was gradually 
introduced. After having undergone this operation 
for an hour and a quarter, during which eiffhty quarts 
^ gas were thrown in, he came out of the box and 
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be^an to respire twenty quarts of immingled nitrous 
oxide. " A thrilling," says he, " extending from the 
chest to the extremities, was almost immediately 
produced. I felt a sense of tangible extension, 
nighly pleasurable in every kind, my visible im- 
pressions were dazzling, and apparently magnified. 
I heard distinctly every sound in the room, and was 
perfectly aware of my situation. By degrees, as 
the pleasurable sensation increased, I lost all con- 
nexion with external things ; trains of vivid visible 
images rapidly passed through my mind, and were 
connected with words in such a manner as to pro- 
duce perceptions perfectly novel. I existed m a 
world of newly connected and newly modified 
ideas. When I was awakened from this same de- 
lirious trance by Dr. Kinglake, who took the bag 
from my mouth, indignation and pride were the 
first feelings produced by the sight of the persons 
about me. My emotions were enthusiastic an4 
sublime, and for a moment I walked round the room, 

rtrfectly regardless of what was said to me. As 
recovered my former state of mind, I felt an in- 
clination to communicate the discoveries I had 
made during the experiment. I endeavoured to 
recall the ideas ; they were feeble and indistinct. 
One recollection of terms, however, presented itself: 
and with the most intense belief and prophetic 
manner I exclaimed to Dr. Kinglake, " Nothing ex- 
ists but thoughts ; the universe is composed of im- 
pressions, ideas, pleasures, and pains.' " 

Th6se remarkable properties induced several per- 
sons to repeat the experiment of breathing this ex- 
hilarating medicine. Its effects were, as might 
have been expected, various in different individusus ; 
but its general effect was to produce in the gravest 
and most phle^atic the highest degree of exhilara- 
tion and happmess, unaccompanied with languor or 
depression. In some it created an irresistible dis- 
position to laugh, and in others a propensity to uam^ 
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Gular exertion. In some it impaired the intellectual 
functions, and in several it had no sensible effect, 
even when it was breathed in the purest state and 
in considerable quantities. It would be an inquiry 
of no slight interest to ascertain the influence of 
this gas over persons of various bodily tempera- 
ments, and upon minds varying in their intellectual 
and moral character. 

Although Sir Humphry Davy experienced no un- 
pleasant effects from the inhalation of the nitrous 
oxide, yet such effects are undoubtedly produced ; 
and there is reason to believe that even permanent 
changes in the constitution may be induced by the 
operation of this remarkable stimulant. Two very 
interesting cases of this kind presented themselves 
to Professor Silliman of Yale College, when the 
nitrous oxide was administered to some of his 
pupils. The students had been in the habit for sev- 
eral years of preparing this gas and administering 
it to one another, and these two cases were the 
only remarkable ones which deserved to be recorded. 
We shall describe them in Professor Silliman'sown 
words : — 

" A gentleman about nineteen years of age, of a 
sanguine temperament and cheerful temper, and 
in the most perfect health, inhaled the usual quan- 
tity of the nitrous oxide when prepared in the ordi- 
nary manner. Immediately his feelings were un- 
commonly elevated, so that, as he expressed it, he 
could not refrain from dancing and snouting.. In- 
deed, to such a degree was he excited, that he was 
thrown into a frightful fit of delirium, and his exer- 
tions became so violent that after a while he sank 
to the earth exhausted, and there remained, until 
having by quiet in some degree recovered his 
stren^h, he again arose only to renew the most 
convulsive muscular efforts, and the most piercing 
screams and cries ; within a few moments, over- 
powered by X}xe intexoity of the paroxysm, he again 
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fell to the ground apparently senseless, and panting^ 
vehemently. The long continuance and violence 
of the affection alarmed his companions, and they 
ran for professional assistance. They were, how- 
ever, encouraged by the person to whom they ap- 
plied to hope that he would come out of his trance 
without injury, but for the space of two hours these 
symptoms continued ; he was perfectly unconscious 
of what he was doing, and was in every respect 
like a maniac. He states, however, that his feel* 
ings vibrated between perfect happiness and the most 
consummate misery. In the course of the afternoon, 
and after the first violent effects had subsided, he 
was compelled to lie down two or three times, front 
excessive fatigue, although he was immediately 
aroused upon any one's entering the room. The 
effects remained in a degree for three or four days, 
accompanied by a hoarseness, which he attributed 
to the exertion made while under the immediate 
influence of the gas. This case should produce a 
degree of caution, especially in persons of a san- 
guine temperament, whom, much more frequently 
than others, we have seen painfully and even alarm- 
ingly affected." 

The other case described by Professor SillimaH 
was that of a man of mature age, and of a grave 
and respectable character. " For nearly two years 
previous to his taking the gas his health heid been 
very delicate, and his mind frequently gloomy and 
depressed. This was peculiarly the case for a few 
days immediately preceding that time, and his gen- 
eral state of health was such that he was obliged 
almost entirely to discontinue his studies, and was 
about to have recourse to medical assistance. In 
this state of bodily and mental debility he inspired 
about three quarts of nitrous oxide. The conse- 
quences were an astonishing invigoration of his 
whole system, and the most exquisite perceptions 
•ofdsUglit. Tbese were manifested by an uocomttott 



CONCLUSION. 813 

disposition for pleasantry and mirth, and by extraor- 
dinary muscular power. The effects of the gas 
were felt without diminution for at least thirty 
hours, and in a greater or less degree for more than 
a week. 

" But the most remarkable effect was that upon 
the organs of taste. Antecedently to taking the gas, 
he exhibited no peculiar choice in the articles of 
food, but immediately subsequent to that event, he 
tnanifested a taste for such things only as were sweet, 
and for several days ate nothing but sweet cake. In- 
deed, this singular taste was carried to such excess 
that he used sugar and molasses, not only upon his hread 
and butter a/nd lighter food, but upon his meat and 
vegetables. This he continues to do even at the 
present time, and although eight weeks have elapsed 
since he inspired the gas, he is still found pouring 
molasses over beef , fish, poultry, potatoes, cabbage, or 
whatever animal or vegetable food is placed before him, 

" His health and spirits smce that time have been 
uniformly good, and he attributes the restoration 
of his strength and mental energy to the influence of 
the nitrous oxide. He is entirely regular in his 
mind, and now experiences no uncommon exhilara- 
tion, but is habitually cheerful, while before he 
was as habitually grave, and even to a degree 
gloomy. 

Such is a brief and a general account of the prin- 
cipal phenomena of Nature, and the most remark- 
able deductions of science, to whichi the name of Na- 
tural Magic has been applied. If those who have 
not hitherto sought for instruction and amusement 
in the study of the material world shall have found 
a portion of either in the preceding pages, they will 
not fail to extend their inquiries to other popular de- 
partments of science, even if they are less marked 
with the attributes of the marvellous. In every 
region of space, from the infinitely distant recesses 

Dd 
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of the heavens to the " dark unfathomed caves of 
ocean," the Almighty has erected monuments of 
miraculous grandeur, which proclaim the power, 
the wisdom, and the beneficence of their Author. 
The inscriptions which they bear — ^the handwriting 
which shines upon their walls — appeal to the under- 
standing and to the affections, and demand the ad- 
miration and the gratitude of every rational being. 
To remain willingly ignorant of these revelations of 
the Divine power is a crime next to that of rejecting 
the revelation of the Divine will. Knowledge, indeed^ 
is at once the handmaid and the companion of true 
religion. They mutually adorn and support each 
other; and beyond the immediate circle of our 
secular duties, they are the only objects of rational 
ambition. While the calm deductions of reason 
regulate the ardoiu: of Christian zeal, the warmth 
of a holy enthusiasm gives a fixed brightness to the 
glimmering lights of knowledge. 

It is one of the darkest spots in the history of 
man that these noble gifts have been so seldom com- 
bined. In the young mind alone can the two 
kindred seeds be effectually sown ; and among the 
improvements which some of our public institutions 
require, we yet hope to witness a national system 
of instruction, in which the volumes of Nature and 
of Revelation shall be simultaneously perused. 



Allerlt, April 2ithy 1832. 



D. Brewstbr. 
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and agreeable style we have so repeatedly spoken of the merits of the 

design of this work, and of the able manner in which it is edited, that oa 
this occasion we will only repeat our conviction, that it is wonhy a pteee 
in every library in the country, and will prove one of the most useral aa 
it is one oS the moat interesting publications which haa ever issued ftom 
the American preaa."— iVL F. Courier if Enquirer, 

<*It ianeedleaa at this late period to commend to poblle attentfon and 
enoouragement the collection of delightfhl works now in a course of nib 
Ucation under the appropriate title of the FamUy Library ."—A*. Y, Svt 
ningJoumaL 

**Vfe have r^)eatedly expressed our unwavering oonfldenee In tba 
merits of this valuable aeries of popular and instructive bocAa. The 
F^ily library has now reached ita sixteenth number, with the inereaataif 
fhvour of the enlightened American public ; and we have heard of but 
one dissentinff voice among the periodical and newspaper publishers who 
have ftMuently noticed and applauded the plan and the execution of tha 
Family Library. A censure so entirely destitute (^reason cannot tf^ora 
a class of publications pure in sentiment and Judidoua and taatafril tai 
composition.'*— Tbe Cabinet qf Religion, ^c 

** The names of the writers employed are a sufllcleiit anrety that tiM 
merit of the Family Library will suflbr no decline."— iVl IT. Evening PmL 

"The Family Library is a collection which should be sougnt after hj 
every one .desirous of procuring the most valuable new works in the 
eheapest and most convenient fbrm."— iVL Y. Daily SentineL 

** Those who condense and arrange such works for publication, ani 
they also who promulgate them, richly deserve the thanks and patrooaga 
of all enlightened communities iu the country. Tbe Family Library 
promises to be a most useflil and cheap repository of the most impoitut 

events of proOme, ancient, and modem historv A series of volume^ 

wdl eondncted, aind publiabed with such stirring eontents, oonnot ftH lo 
aurpasB all dry meyekqwdiaa, or diflhae and elaborate histnrlea or Uopi^ 
Bhiss, miaerably translated, nod exieoded to the very atntdi of tm» 
M^ **— Pfttf^MpiUa OaxetU 



HARPER'S FAMILY LIBRARY. 



** Books that you may carry to the fire ^ and hold readily in your hand, 
t the most useful itfler aU. A man will often look at them, and be 
tempted to go on^ when he would have beenfinghtened at books (ffa larger 
size, cmd qfa more erudite appearance." — Dr.. JoHUfiON. 



Trc pnqnrietora of the Family Library fbA tbemaolves stimulated to 
increased exertions by tbe distinguisbeU AiTour with which it has already 
been received. 

Tlie volumes now befbre the public may be confidently appealed to 
u proofs of zeal on the part of the publishers to present to their readOTS 
a aeries of productions, which, as they are connected, not with ephemeral, 
but with permanent subjects, may, years hence as well as now, be coo- 
(Rllted for Uvely amusement as well as solid Instruction. 

To render this Library still more worthy of patronage, toe proprie- 
tors propose incorporating in it such works of interest and valoe aa 
may appear in the various Libraries and Miscellanies now preparing in 
Europe, particularly the " National" and the " Edinburgh Cabinet" Libra- 
ries. All these productions, as tbey emanate fVom the I»es8, will be 
•ubmitted to a committee of literary gentlemen for inspection ; and none 
will be reprinted but such as shall be found cftlcolated to sustsdn U10 
exalted character which this Library has already acquired. 

Several well-known authors have been engaged to prepare for it original 
worksof an American character, on History, Biography, Travels, &c fte. 
Every distinct subject will in general be comprehended in one volume, 
or at most in three volumes, which may form either a portion of the 
aeries or a complete work by Itself; and each volume will be emb^lisl^ 
with appropriate engravings. 

The entire series will be the production of authors of eminence, who 
have acquired celebrity by their literary labours, and whose names, aa 
tiiey appear in succession, will affbrd the surest guarantee to the public 
for the satisfhctory manner in which the subjects will be treated. 

Such is the plan by which it is intended to form an American FamUy 
Library f comprising all that is valuable in those branches of knowledge 
which most happily unite entenamment with instruction. The ntmoet 
care will be taken, not only to exclude whatever can have an injuriooa 
Influence on the mind, but to embrace every thing calculated to straigthen 
the best and most salutary impressions. 

With these arrangements and facilities, the publishers flatter them 
aelves that they shall be able to present to their fellow-citizens a work 
of unparalleled merit and cheapness, embracing subjects adapted to all 
classes of readers, and forming a body of literature deserving the praise 
of having instructed many, and amused all ; and above every other spe- 
cies of eulogy, of being fit to be introduced, without reserve or exception, 
by the father of a fkmily to the domestic circle. Meanwhile, the very low 
mice at which it is charged renders more extensive patronage necessary 
for its support and prosecution. The immediate encouragement, there 
fore, of those who approve its plan and execution is respectAilly solicitad 
.Hie work may be obtained in complete sets, or in separate nnaibna. 
rom the prtocipal booksellers throughout the United States. 



FAMILY CLASSICAL LIBRARY. 



The Publishers have much pleasure in recording 
the following testimonials in recommendation of the 
Family Classical Library. 

"Mr. Valpy hafl projected a VoLmUy Classical Library. The Idea !■ 
excellent, and the work cannot fkil to be acceptable to youth of both sexeiL 
as well as to a large portion of the reading community, who have n X had 
the benefit of a levned education.** — GejttlemarCs Magazine. Dec. 1829. 

" We have here the commencement of another undertaking for the more 
general distribution of knowledge, and one which, if as well conducted 
as we may expect, bids foir to occupy an enlarged station in our immie* 
diate literature. The yolumc before us is a specimen well calculated to 
recommend what are to follow. Leland*s Demosthenes is an excelleut 
work." — Lit. Gazette. 

" This work will be received with great gratification by evenr man who 
knows the value of classical knowledge. All that we call purity of taste, 
vigour of style, and force of thought, has either been taught to the modem 
world by the study of the classics, or has been guided and restrained by 
those illustrious models. To extend the knowledge of such wcn-ks is t* 
do a public service.** — Covrt Journal. 

** The Family CUusictU Library is another of those cheap, usenil, and 
elegant works, wluch we lately tipcke of as formiog an era in our pub* 
Uebiog laMory."— Spectator. 

M The p esent era seems destined to be honourably di^nguiahed ia 
literary history by tbe high character of the works to which it is succe^ 
sively giving birth. Proudly independent of the fleeting taste of the day, 
they boast substantial worth wbich can never be disregarded ; they put 
forth a claim to permanent estimation. The Family Classical LUnrary ia 
a noble undertaking, which the name of the editor assures us will be exe- 
cuted in a style worthy of the great originals.'* — Morning Post. 

" This is a very promising speculation ; and as the taste of the day rune 
jnst now very strongly in fovour of such Miscellanies, we doubt not it 
will meet with proportionate success. It needs no adventitious aid, how- 
ever infiuential ; it has quite sufficient merit to enable it to stand on 
its own foundation, and will doubtless assume a lofty grade In publie 
favour.** — Sun. 

**This work, published at a low price, is beautifhlly got up. Thougk 
to profess to be content with translations of tbe Classics has been de- 
nounced as * tbe thin disguise of indolence,* there am thousands who 
have no leisure for studying the dead languages, who would yet like to 
know what was thought and said by the sages and poets of aniiquity. 
To them this work will be a treasure.*'— $u7ufay Times. 

'*Tbis design, which is to communicate a knowledge of tbe moat 
esteemed authors of Greece and Rome, by the most approved translationsi 
to those from whom their treasures, without such assintance, would be 
hidden, must surely be approved by every friend of literature, by every 
lover of mankind. We shall only say of tbe first volume, that as the 
execution well accords with the design, it must command general appro* 
balion.** — 77u Observer. 

" We see no reason why this work should not fitd its way into the 
boudoir of the lady, as well as into the library of the learned. It is fhwn 
poitable, and altogether a work which may safoly be placed in the iMUuE 
•f peraoue of both eexee **— Weekly Free trtse. 



Notices of the Family Library* 

"Tlie jMbUshfln ha<ve hitberto (tally deterred their dally ioflraMlqf 
npatatkm by the good taste and Judgment which have btnoeooed tba 
Mieetions of works for the Family Library."— ilZfronjr Daily Adverti$er, 

** The Family Library—A title which, ftom the valoable and entertain- 
faif matter the coUectioa contains, as well as from the carel\il style of its 
•xeeotioa, it well desenres. No (hmily, indeed, in which there we chil- 
dreo to be brooght up, ought to be without this Library, as it flurnisbaa 
the readiest resources Ibr that education which oug^t to acconmaBy or 
■oeceed that of the boarding-school or the academy, and is infinftwr ■lore 
aondudve than either to the cultivation of the intellect.''— if onlUy Remtw, 

''It is the du^ of every person having a flunily to put this ezceUeat 
Library into the hands of his children."— i^. Y. Mercantile Aivertiter. 

" It is one of the recommendations of the Fandly Library, that it em- 
teaees a large circle of interesting matter, of important information and 
agreeable entertainment, in a concise manner and a cheap flnrm. It ia 
flDiinently calculated fin* a wqpular aeries- published at a price so low, 
that persona of the roost moderate income may purchase it— combining t 
matter and a style that the most ordinary mind may comprehend it, at uie 
■ame time that it is calculated to raise the moral ana intellectual charecter 
of the people." — Constellation, 

** We have repeatedly borne testimony to the utility of this woik. It is 
ane of the best that has ever been issued flrom the American press, and 
■hoold be in the library of et*ery Ounily deairous of treaauriii« up uaafVil 
knowledge."— £<Mton Statesman. 

** We venture the assertion that there Is no publication In the eoimtry 
more suitably adapted to the taste and requirements of the great inaaaar 
community, or better calculated to raise the intellectual charaeier of th» 
mIddUng classes of society, than the Family Library.*'— Boffon Mtmmia 
MHrror. 

" We have so often recommended this enterprising and nseflil pMhUeik 
tSdD (the Family Library), that we can here only ndd, that each sueces- 
aive numb4^ appears to conQrm its merited popularity."— i\r. F. American, 

**The little volumes of this series truly comport with thdr title, and an 
In themselves a Family Library."— iV. Y. Commercial Advertiser, 

** We recommend the whole set of the Family Library as me of tte 
eheapest means of affinrding pleasing instruction, and knpartinga pnper 
pRide hi books, with which we are acquainted."— UL S Oazette, 

** It wUl prove instructing and amusing to all classes. We aie pfeaaed 
to learn that the works comprising this Library have become, as they 
ought to be, quite popular among the heads of flunilies."— iV: IT. Gazette, 

** The Family Library is, what its name implies, a collection of Tariou 
original works of the best kind, containing reading usefhl and interastinff 
to the flunily drrle. It Is neatly printed, and should be in every flunCy 
that can afford it— the price being moderaxe/'—NeuhEnglandPalUMvm, 

** We are pleased to see that the publishers have obtained soiBsient en- 
eouragement to continue their valuable Family Library."— AilCimore R§» 
fublican. 

**The Family Library presents. In a compendious and convenient fbrrn* 
well-written histories of popular men, kingdoms, sdences, fte. arranged 
and edited by able writers, and drawn entirely ftom the most ecNrreet and 
•ecredited anthoritiee. It is, as it proftsses to be, a Family Library, fhmi 
which, at little expense, a household may prqiare themaelvea Ihra emi* 
■idSTfttion of those dementary subjeets of edueatloo and aooie^f-wMMnc • 
MM aeqnalntanoe with which neither man nor woman baa eMm lo W 
wall brad, or to take their proper plaoa among thoae with wtm Itav 
lUde."— CikorJeston GoMttt. 



fSkSLY CLASSICAL UBRA&T. 

** A gnater derideratum to the English reader cannot wdl be broni^ 
to public notice."— 0«^« Weekly Messenger. 

** The Family Classical Library may be reckoned as one of the hmmI 
instroctive aenes of works now in the coarse of publication."— Com^ridlra 
Chronicle. 

** A series of works under the title of the Family Classteal Lihrarjf 
is now in the course of publication, which will, no doubt, arrest the atten- 
tion of all the adiuhers of elegant and polite literature— of that literaiora 
which fbrms the solid and indispensable basis of a sound and gentlemanly 
education.**— BotA Herald. 

** We are inclined to augur the most beneficial results to the risLng 
generation Orom the plan and nature ofthis punlication ; and we doubt not 
that under the able superintendence of Mr. Valpy, the value of the present 
work will not exceed its success as a mere literary speculation. It ought 
to find a place in every school and private fkmily in the kingdom.*— -Jms- 
tolJounuU. 

" The design of this publication is highly laudable : if it be patronised 
according to its deserts, we have no hesitation in saying that its snccea* 
will be very considerable."— Erfijifrurg-A Advertiser. 

" If we had been called on to state what in our opinion was wanted to 
complete the several periodicals now in course of publication, we should 
have recommended a translation of the most approved ancient writers, in 
a corresponding style. This undertaking, therefore, of Mr. Valpy'a, most 
completel> meets the view we had entertained on the subject. We 
strongly recommend the production to the notice of scho<ris, as its perosal 
must tend to implant on the minds of the ptipils a love for ancient lore. 
In Ladies' Seminaries the series will, indeed, be invaluable — the stores of 
antiquity being thus thrown open to them." — Plymouth and Devonpori 
Herald. 

** Economy Is the order of the day In books. The FamUy Classical Li- 
krary will greatly assist the classical labours of tutors as well as pujuis. 
We suspect that a period is arriving when the Greek and Latin auttuNra 
will be more generally read through the medium of translations.'*— <;Ael- 
tenlumi Journal. 

** We avail ourselves of the earliest opportunity of introducing to the 
notice of our readers a work which appears to promise the utmost adfvan- 
tage to the rising generation in particular. There is no class of people to 
whom it is not calculated to be usenil — to the scholar, it will be an agree- 
able guide and companion ; while those to whom a classical education 
has been denied wiU find in it a pleasant and a valuable avenue towards 
those ancient models of literary greatness, which, even in this age of 
boasted refinement, we are proud to imitate."— Afreriteen Chronicle. 

** The Family Classical Library will contain the most correct and ele- 
gant translations of the immortal works of all the great authors of Oreeoo 
and Rome ; an acquaintance with whose writings is indispensable to every 
msn who is desirous of acquiring even modern classical attainments."-* 
Liverpool Albion. 

** Tills volume promises to be an invaluable acquisition to those boC 
partially acquainted with the Greek and Latin hmguages : such of tho 
fkir sex more especially as direct their laudable curiosity in the diannal 
of classic literature must find in translation the very key to the knowledfa 
they seek. The mere tride for which the lover of literatura may now 
fVimish his library with an elegant and imiform edition of the best trano 
lations firom the classics, will, it cannot be doubted, ensure the Familf 
dauical Library a welcome reception."— IToofour** EaseUr Gaxettt, 

**Thia work will aupply a dsaidaratum in literatore; and we hope it 
will BMit witk MieeiuagiaMnt. Tb« translations of many of tlioanelmk 
•ittteBi, wte may bo mwd OQ a« thi gyaat atonboua or sioden Uun- 
tafSiin out of tko mdi^tlM English itHdMr; and tUi pobUeition wia 
aaodwtlmB aeoaeaihli to 9XL"^Yorkskin GazUU 
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THE HISTORY OF MODERN 
EUROPE, from tbe Rise of tbe 
Modern Kingdoms to the present 
period. By Willum Rudtiici.L, 
LL.D., and William Joniss, Esq. 
With Annotations by an Ameri- 
can. In 3 fols. 8vo. 

THE HISTORICAL WORKS of 
the Rev. WILUaM ROUBRT- 
60N. D.D ; compriMing tiis HIS- 
TORYof AMERICA; CHARLES 
v.; 8C0TL.\ND, and INDIA. 
In 3 vols. Svo. with Plates. 

GIBBON'S HISTORY OF THE 
DECLINE AND FALL or thb 
ROMAN EMPIRE. In 4 vols. 
Svo. With Plates. 

The aboT* woriu (Raaell^ Robertlon^^ «ad 
XUbte-'ti) an sterwyped, and [uriated 
'naUtmity. Great paina have been taken 
1o reader them pmect in ever^ respect. 
Thqr ara decidedly iha beat editiona ever 
.^ubfifbeJ in tbia country. 

ENGLISH SYNONYMES, with 
copious Illustrations and Expla- 
nations, drawn from tbe beat Wri- 
ters. ByOKiiRUK Crabbb, MA. 
A new Edition, enlarged. Svo. 
[Stereotyped.] 

LIFE OF LORD BYRON. By 

THOMAri MooKK, Esq. In 2 vols. 
Svo. Wirh a Portrait. 

THE BOOK OF NATURE; being 
a popular Illustration of tbe gene- 
ral Laws and Pbenoinena of Crea- 
tion, du:. By JitUN Mason Good, 
M.D. and F.R.S. Svo. With his 
Life. [Stereoty|)ed.] 

HOOPER'S MEDICAL DICTION- 
ARY. From tbe last London 
Edition. With Additions, by<8A- 

Ml'KI. AXKKt.V, M.D. 8vo. 

COOPER'S SURGICAL DIC- 
TIONARY. In 8 vols. Svo. 
Greatly enlarged. [Stereotyped.] 

QOOD'SCDr Joan Mason) STUDY 
OF MEDICINE. lnftTols.8vo. 
AiMWadltkm. WUk AdditioiM» 
by Samuil iSooPBRt M*^* 

DOMESTIC DUTIES ; or InstrOA- 
ffmia 10 .Married I«i^tM. By tim, 

WlLUAH PaKKU. Viivo 



THE PERCY ANECDOTES. Re- 

vised edition. To which is ad- 
ded, a Valuable Collection of 
American Anecdotes, originid 
and selected. Illustrated with 
fourteen Miniature Portraits. — 
8vo. 

ADVKNTURES ON THE CO- 
LUMBIA RIVER; inclttdinfftho 
Narrative of a Residence of Six 
Years on tbe Western side of the 
Rocky Mountains, «feo. Ac. By 
Ross Cox. Svo. 

WORKS OF THE REV. ROBERT 
HALL, with Menu>irs of his Life, 
6ce. In 3 vols. dvo. 

KEITH ON THE PROPHECIES. 
12mo. 

BROWN'S DICTIONARY of the 
HOLY BIBLE. From the last 
genuine Edinburgh edition. Svo. 

THE HISTORY OF THE JEWS, 
From the earliest period to tbe pre* 
sent time. By the Rev. H. H. Hxl> 
MAN. In 3 vols. IS^no. lllttstrated 
with original maps, 4co. 

THE LIFE OP NAPOLEON BO- 
NAPARTE. By J. G. LticKH ART, 
Etiq. With copperplate engravinga. 
2 vols. ISmo. 

LIFE OF NEI^ON. By Robrrt 
SouTMiKv, Esq. With a portrait. 

THE LIFE OP ALEXANDER 

THE GREAT. By the Rev. J. 

Williams. With a map. lSnv>. 
NATURAL HISTORY OF IN- 

SECl'S. Illustrated by numerous 

engravings. ISmo. 

THE LIFE OF LORD BYRON. 
By JiiHN Galt, Esq. ISmo. 

THE LIFE OF MOHAMMED, 
Founder of the Religion of lalam, 
and of tbe Empire of the Saracens. 
By toe Rev. Gkorur Bush, ▲.M 
With a plate. ISoio. 

LBTTEBS ON DBMONOLOGY 
AND WrrCUCRAFT. By Sir 
Waltkr Scott, Bart. ISoM. 
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Muliny of the Ship Boonty, an4 
or iho subsequent fonunes of i1m 
Mutiiieeni. 18mo. Plates. 

TIIR SACRED HISTORY OF 
THE WORLD, aa diHplayed In 
iliu Creation and aubt^oent 
Event* to the Deluf;e. Alicrnpied 
to be Philosophically considered, 
in a Keries or Lettera to a Son. 
By Shakos Ti<k>kk, F.S.A. 4c 
R.A.8.L., author of *'Tbe His- 
tory of Enplatid," *• The History 
of the Anglo Saxons," Slc ice. 
ISino. 

MEMOIRS OF CELEBRATED 
FEMALE SOVEREIGNS. By 
MrH. J.\MK!«ON, Authoress of 
•' The Diary of an Eunuyee," dec. 

2 voU ISlTIO. 

JOURNAL OF AN EXPEDITION 

to Explore the t'ourwe and Tsr- 
miiiation of tbe NIGER; with a 
Narrative of a 'oynge down timt 
Rivor to VI .Vriiiination. By 
Rkhara and .Iniis Landvk. 
Illustruted with Engravings and 
Maps. 2 vols. Itktio. 

INQUIRIES CONCE ININGTHE 
INTELLECTUAL POWERa, 
A JD THE INVESTIGATTON 
OF TRUTH. By J HI Abkk- 
cKOMBiK.M.D. FR.S.. Fellow sf 
the Ro\al CT)lle^ of Physicians 
in Eiliiiburgh, 6cc., Fiocn the 
RPiond Edinburgh edition. ISnio. 

THE LIVES OF CELEBRATED 
J ILAVELLERS. By J. A. St. 

John. 3 vols. IBmo. 

LIFE OF FREDERIC THE SE- 
COND. By L( Ki DovKR. In 

3 vols. 18mo. Portrait. 

SKETCHES FROM VENETIAN 
HISTORY. In 2 vols. Ibnio. 
With Plates. 

HISTORY OF BRITISH INDIA, 
from the fnoKt remote period to 
the present time. By Eight po- 
pular Authors 3 vuis. Idino. — 
With Engraviigs. 

HISTORY OF IBELAND. In 3 
vols. 18mo. By W. C Tavlo;<, 

Esq With Engravings. 

LIFE OF WICIJF. Ry C. W. Lb 
Bas, A.M. l3»no. FonrsiL 

niera. WUh Portraits on steel. .pf|£ CONSISTENCY OF REVE- 
'=^'"0- \ LATION with iiseli and Willi 

A DESCRTFTIOS of PlTCATOK^s \ \l\x««a'a«Mn». B^ Piuur Ki- 
/SLAM) and its InVkabiiMiiH, \ t\v«v^% *a,\yvt\JCk«>«^^a. 



NARRATIVE OF DISCOVERY 
AND ADVENTURE IN THE 
POLAR SEAS AND REGIONS. 
By Professor Leslie, Professor 
J\MK8u\-, anil Hruii M: iiray, 
Esq. With maps. See. Itimo. 

LIFE AND TIMES OF C FORCE 
IV., with Anecdotes of l)i.-ii:i- 
guished Persons of tlie leit '•Mlty 
Years. By the Rev. Gkokok Chd- 
LY. With a portrait. 18mo. 

NARRATIVE OF DISCOVERY 
AND ADVENTURE IN AFRI- 
CA, from the earliest ages to ttie 
present lime. With Illustrations 
of ihc Geology, Mineralogy, and 
Zoology. By ProfesNor J \ m hhos^ 
Jwiks Wit^o.N, E^sq., and High 
MrnKAY.Esq With a map and 
wood engravings. Iduio. 

LIVES OF EMINENT PAINTERS 
AND Si;i'LPTORS. By Alias 
CrN.NisHH\M, Esq. In 3 vols. 
ISmo. with portraits. 

HISTORY OF CHIVAIJIY AND 
THE CRL'SADE.-5. By G. P. R. 
Jamks, Eh(|. Itimo., with a plaio. 

LIFE OF MARY QUEEN OF 
S<X)TS. By Hl£^RY Gi.A-sroRP 
Bcii.. In 2 vols. I8mo. Portrait. 

niSTORY OF EGYPr. By Rev. 
M. RosKi.i., LL.D. ISnio. With 
Engravings. 

HISTORY OF POLAND. By J. 
Fi.KTi HER, Esq. With a portrait 
of Kosciusko. JHriio. 

FESTIVALS, GAMES, AND A- 
MUSFMENTS, Aii.-ient and Mod- 
ern. By Horatio Smm n. lUiiio. 

LIFE OF SIR ISAAC NliWTON. 
By Dxvin Brkwmter, LL.D. 
With a Portrait. 

PALES HNE; or the HOLY LAND. 
By M. RtiKSKi.i., LL.D. 18ino. 

MEMOIRS OF THE EMPRESS 
JOSEPHINE. By Dr. Mkmks. 
18mo Portrait. 

COURT AND CAMP OF BONA- 
PARTE. 18mo. Portrait. 

LIVES AN D VOYAGES of Drake, 
Cavendish, and Dampier, inclu- 
ding an Introductory View of the 
Earlier Discoveries in the South 
Ssa, and the History of the Buca- 
Wilh Portraits on steel. 
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XKNOPHON. Translated by Ed- 
ward Spklman, Esq. and Sir M . 
▲. Coooer. 3 vols. ISmo. 

DEMOSTHENES. By Lkland. 
In 2 vols. IBmo. 

8ALLUST. By Rosa. 18ma 

MASSINGER'S PLAYS. Designed 
for flamily use. In 3 vols. 18mo. 
With a Portrait. 

FORD'S PLAYS. 9 vols. 18mo. 

ART OF INVIGORATING and 
PROLONGING LIFE. By Wil- 
liam KiruHiNCK, M.P ISmo. 

THE COOK'S ORACLE, AND 
HOUSEKEEPER'S MANUAL. 
By William Kitchinkk, M.D. 
Adapted to ttie American Public 
ISmo. [Stereotyped.] 

MODERN AMERICAN COOK- 
ERY By Miss P. S.«iTH. I61110. 

<31BS0N»S SURVEYING. Im- 
proved and enlarged. By Jamics 
RVAN. 8vo. 

DAVIES'S SURVEYING. 8vo. 

SURVEYORS' TABLES. 12mo. 

BROWN'S (J.) CONCORDANCE. 
Printed on Diamond type, in 
the 32ra«. Ibrm. [Stereotyped.] 

SERMONS ON IMPORTANT 

SUBJECTS, by the Rev. Sa VII' KL 
Davik"*, A.M , sometime Presi- 
dent of the College of New-Jer- 
sey. In 3 vols. 8vo. 

THE WORKS OF THE REV. 

JOHN WESLEY, A.M. With 

his Life. In 3 vols 8vu. From 

the last Loudon Edition. With 
a Portrait. 

LETTERS FROM THE .fiGEAN. 

By JvMKs E«ii£RS>N, Esq. 8vo. 

THE LITERARY REMAINS OF 
THE LATE HENRY NEELE, 
Author of the *' Romance of His- 
tory," Aju. tficc. 8vo. 

LIFE OF LORD EDWARD FITZ- 
GERALD. By Thomas Moorb, 
Esq. In 3 vols. 12mo. Portrait. 

PRESENT STATE OP CHRIS- 
TIANITY in all parts of the 
World. By the Rev. Frbdjcriok 
ScBOBKRi.. ISmo. 

CONVERSATIONS WITH AN 
▲MBrnOUS STUDENT m ILL 
HEALTH ; witb other Pieees. 
By tba aathor of **P«lhUB,* 



WESTWARD HO! A Novel, n 
2 vols. 12mo. By the Author of 
" The Dutchman's Fireside," && 

HENRY MASTERTON. A No 
vel. By O. P. R. Jambs, Esq. 
author of ** Philip Augustus/ 
&c. 2 vols. 12ino. 

PELHAM; OR, THE ADVEN 
TURES OF A GENTLEMAN, i 
Novel. In 2 vols. 12ino. 

THE DISOWNED. A Novel. In 
2 vols. 12mo. By the Author of 
"Pclham,"&c. [Stereotyped.] 

DEVEREUX. A Novel. In 2 vols. 
12(no. By the Author of " Pel- 
ham," dec. [Stereotyped.] 

PAUL CLIFFORD. A Novel. In 
2 vols. 12mo. B)' the Author of 
" Pelham," &e. [Stereotyped.] 

FALKLAND. A Novel By th« 
Author of *' Pelham," &c. 12ma 

ANASTASIUS. A Novel. In 2 vols. 
12mo. 

YOUTH AND MANHOOD OP 
CYRIL THORNTON. A Novel. 
2 vols. 12mo. [Stereotyped.] 

THE DUTCHMAN'S FIRESIDE. 
A Tale. By J. K. Paulding, 
Esq. In 2 vols. 12mo. 

THE SMUGGLER. A Novel. By 
the Author of "The 0'Har<i 
Tales," dec. In 2 vols. 12mo. 

THE "YOUNG DUKE. A NoveL 
By the Author of " Vivian Grey." 
2 vols. 12mo. , 

CALEB WILLIAMS. In 2 voli 
12mo. By the Author of " Cloud- 
esley," &c. 

PHILIP AUGUSTUS. A Novel 
By the Author of ♦« Damley," &c. 
2 vols. I2mo. 

THE CLUB-BOOK. By various 
Authors. In 2 vols. 12mo. 

DE VERE. A NoveL By tb» 
Author of " Tremaine.** In 
vols. 12mo. 

EVELINA. A Novel. By Miss 
BuKNKT. In 2 vols. 12ino. 

THE FALSE STEP AND THE 
SISTEdS. A Novel. In two 
vols. 12[no: 

ARLINGTON. A Novel. By the 
author of *'Gnuiby,** &e. Li 9 
vols. 13mo. 
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DARNLET. A Novel. By G. P. R. 
JiMko, Author of "Ilictielieu.'* In 
S Tols. 12nno. 

DE L'ORME. A Novel. By the 
Author of *' Richelieu" and ** Darn- 
ley." 2 vols 12mo. 

HAVERHILL. ANoveL By J. A. 
J•»Mc^, Esq. In2vnl«. I2mo. 

TRAITS OF TRAVEL. A Novel. 
In 2 vols. 12ino. By T. (•. Grat- 
T\N, Author of "Highways and 
Byways." 

THE HEIRESS OF BRUGES. A 

Tale. By the Anihor of *' High- 
ways and Byways," "Trails of 
Travel," &c. 2 vols. 12mo. 

WALTER COLYTON. A Tale. 
In 2 vols. 12ino. By Ho!-.acic 
Smith, Author of " Bramhletye- 
House," " Zilliih." &c. &c. 

THE SIAMESE TWINS. By the 
Author of " Pelham," Ac. 12nio. 

THE SPY : A Tale of the Ncuiial 
Ground. By the author of " Pre- 
caution." In two volumes. ISe> 
veiith Edition. 

CONTAUINl FLE.MING. A Psy- 
chological Auto Biography. By 
the author of " Vivian Grey," 
" The Young Duke," &c. In 2 
voIn. 12nio 

MAXWELL. A Novel. By the 
Author of " Sayings and Doings." 
9 vols. 12ma 

LA WRIE TODD ; OR, THE SET- 
TLERS IN THE WOODS. By 
John Gai.i, Esq. In 2 vuIk. I2uio. 

SOUTH ENNAN. A Novel. In 2 
vols. l2mo. By the Author of 
" Lawrie Todd," &c. Ac. 

THE NEW FOREST. A Novol. 
In 2 vols. 12nio. By the Author 
of " Branibletye-House," " Zil- 
lah," 6ic. Ate. 

ROXOBEL. By Mrs. Srkrwood. 
Ill 3 vols. 18ino. 

THE RIVALS. A Novel. By the 
Author of " Th»f Collegians," dtc. 
In 3 vols. 12nr)0. 

HL'NOARIAN TALES. In 2 vols. 
12mo. By Mrs. Gokk, Author of 
" the Lettfe de Cachet" and " Ro- 
roaneen of Real Life." 

iJOAf ANCES OF REAL LIFB. In 

S vols, l^ino. 

FRANCE, IN 1820-30. Tkv U&J 
Morons, In S voU. liroo. 



TALEd OF THE EARLT AOB& 

By HoRACK Smith. EiM|.,autbot 
of " Branibletye House,** »* Zil- 
lah," dtc. &.e. 

Tmr works op MARU EDGE 
WORTH. Id9vo1s. liJmo. With 
Engravings. 

THE nOYii' AND GIRLT U 
BRA <V istno. 

AFFECTING SCENES ; bdncFas- 
sages firom the Diary of a Ptayal* 
clan. 2 vo M. ISino. [Stereocyped.j 

COMING OUT, and THE HBLD 
OF THE FORTY FOOTSTEPS. 
Novels. By Misses Jank and An- 
na Maria Portkr. In S vnl«, 

THE BARONY. A Novel. In t 
vols. !2ino. By Misa Anna Ma- 
ria PilRTKR. 

CL()UI)F.SLEY. A Novel. In f 
vols. 12mo. By the Author of*' Ca 
leb Williams," dec. 

SKK R HKS OF IRISH CHARAC- 
TER. By Mrs. Sarah C. Hall. 

THE RIVALS OF ESTB ; and 
other i*oeins. By Ja-mls G. and 
Mm<y E. Biookx. ISmo. 

BEATRICE. A Tale, founded oa 
Facts. By Mrs. Hofland. In I 
vols. 12mo. 

CONTRAST. A Novel. ByRaaiirA 
Maria RorHu, Author of " t!i« 
Children of the Abbey," Ac. Ae 
In 2 vols. 12mo. 

THE DENOUNCED. ANovd. IB 
2 vols. 12nio. By the Aathor of 
" The Smuggler." 

THE OXONIANS. A Novel. In 
2 vols. 12nio. By the Author of 
"The Rou6." 

THE COUNTRY CURATE. By 

the Author of "Tlie Subaltorn." 
In 2 vole>. 12inu. 

BULWER'S NOVELS. Printcdand 
bound uniformly in sets of 10 voU 
umen— embracing " Pelham," "the 
Dii'owiied," " Devereux," " Paul 
1 iflbrd," and " Eugene Aram." 

LIFE of DR. E. D. CIARKE. 8vo. 

FRENCH REVOLUTION of 1830. 

LIFE OF VAN HALEN, itX 8t»- 

MILLER'S GREEC*E, Itnaa. 

SMART'S HORACE. I vola. 18mx 

UXiXAQXOVi^ \>V:SV:v)LE.^LB. By 
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